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In the 90-104 mm Hg Diastolic Range— W 
When should medical management 
of hypertension include medication? 


Data from the Veterans Administration Cooperative Study Group on 












Antihypertensive Agents have convincingly shown that mortality 
and morbidity can be reduced by treating patients with fixed dia- 
stolic blood pressures of 105 mm Hg or higher.! Although the effec- 
tiveness of therapy was not clearly documented in patients whose 
diastolic pressures were between 90 and 104 mm Hg, under cer- 
tain conditions there is value in using antihypertensive agents 
in these patients as well. Whether and when to begin medication 


remains a matter of 
individual physician 
judgment. However, 
various experts have offered some useful guidelines. 





Target Organ Damage 
Such pathologic changes as 
retinopathy, left ventricular hy- 
pertrophy, and proteinuria are 
indications that hypertension is 
causing organic damage and 
should be treated immediately 
and aggressively. 


Sex 
Men have a higher risk than 
women of developing the com- 
plications of hypertension. 


Age 
The younger the patient, the 
more hypertension will reduce 
his life expectancy. 








Dr. Edward D. Freis, chairman of the VA Study 
Group, bases his decision on the following deter- 
mining factors: 


Diabetes or 


Hypercholesterolemia 
These diseases tremendously 
increase the risk of coronary dis- 
ease, even in patients with mod- 
est blood pressure elevations. 


Race 

Blacks tend to have earlier and 
more severe complications of 
hypertension than do whites. 


Family History of 
Hypertension 

If either parent had a major 
hypertensive complication, this 
adcs significantly to the risk. 








1. Veterans Administration Cooperative Study Group on Antihypertensive Agents: 
Effects cf treatment on morbidity in hypertension: ll. Results in patients with 
diastolic blood pressure averaging 90 through 114 mm Hg, JAMA 213:1143 
Aug 17, 1970. 

2. Hypertension 1973: An expert draws the line on whom to treat, Patient Care 
7:63, April 15, 1973. 

PU KM WM: What's with hypertension these days? Consultant 11:13, Ja' 


4. Finnerty FA Jr: How to treat arterial hypertension, American Family Physici- 
7:99, April 1973. 
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Kirkendall generally prefers to withhold medica- 
tion when the sustained diastolic pressure is be- 
low 100 mm Hg unless “‘...a number of adverse 
factors exist, such as male sex, family history of 
vascular disease, youth, evidence of heart or kid- 
ney involvement." ? 


Finnerty finds it good practice to treat every pa- 
tient whose diastolic pressure is persistently over 
100 mm Hg. But he also says that "no definite 
statement can be made about the management 
of patients whose diastolic blood pressure aver- 
ages between 90 and 100 mm Hg on repeated 
visits. If the patient is younger than 45 and there 
is a family history of hypertensive complications 
or the presence of end-organ damage (retina, 
rn kidneys), treatment is probably indi- 
cated." 


When medical management 
includes medication: 
start with HydroDIURIE 


(HYDROCHLOROTHIAZIDE | MSD) 


Once the decision to place patients on medication 
has been reached, many physicians choose to be- 
gin with a thiazide. HydroDIURIL is the first 
choice of many, because of their long years of 
experience with this antihypertensive. Patients 
whose therapy begins with HydroDIURIL fre- 
quently can continue to benefit from it for pro- 
longed periods of time. For the adult patient, the 
usüal starting dosage is 50 mg b.i.d. Dosage ad- 
justments are recommended as the patient re- 
sponds to treatment. 


TABLETS, 25 mg and 50 mg 


Hydro DIURIL 


(HYDROCHLOROTHIAZIDE | MSD 


therapy to start with 
in hypertension 


Fora brief summary of prescribing 
information, please see following page. 





"Required 
Reading" 
For Your 
Hypertensive 
Patients 





Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure," a concise, 
pocket-sized booklet that 
defines the patient's own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dchme Professional Represen- 
tative or write Professional 
Service Department, West 
Point, Pa. 19486 for a supply 


. Of this booklet. 
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= A HydroDIURIL 


(HYDROCHLOROTHIAZIDE | MSD) 


_ therapy to start with 
in hypertension 





Contraindications: Anuria; hypersensitivity to 
this or other sulfonamide-derived drugs; rou- 
tine use in an otherwise healthy pregnant 
woman with or without mild edema. 

Warnings: Use with caution in severe renal 
disease since thiazides may precipitate azo- 
temia and cumulative effects may develop. 
Use with caution in patients with impaired 
‘hepatic function or progressive liver disease, 
‘since minor alterations of fluid and electro- 
e balance may precipitate hepatic coma. 
‘May add to or potentiate action of other anti- 
hypertensive drugs; potentiation occurs with 
ganglionic or peripheral adrenergic blocking 
‘drugs. Sensitivity reactions may occur in pa- 
‘tients with a history of allergy or bronchial 
asthma. Possibility of exacerbation or acti- 





ks fects of the drug may be enhanced in post- 

sympathectomy patients. May decrease ar- 
terial responsiveness to norepinephrine; this 
diminution is not sufficient to preclude ef- 
fectiveness of the pressor agent for thera- 
peutic use. If progressive renal impairment 
becomes evident, consider withholding or 
discontinuing diuretic therapy. Thiazides may 
decrease serum PBI levels without signs of 
thyroid disturbance. Pathological changes in 
the parathyroid glands with hypercalcemia 
and hypophosphatemia have been observed 
in a few patients on prolonged therapy; the 
effect of discortinuance of therapy on serum 
calcium and phosphorus levels may be help- 
ful in assessing the need for parathyroid 
surgery in such patients. 


50 mg 








ation of systemic lupus erythematosus has 
been reported. 
"Usage in pregnancy: Thiazides cross placental barrier and appear in cord blood; 
lin pregnancy or in women of childbearing potential, weigh anticipated bene- 
‘fit against possible hazards, including fetal or neonatal jaundice, thrombo- 
cytopenia, and possibly other adverse reactions that have occurred in adults. 
Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed 
“essential, patient should stop nursing. 
|Precautions: Perform periodic determination of serum electrolytes to detect 
‘possible electrolyte imbalance. Observe all patients for clinical signs of 
fluid or electrolyte imbalance, namely, hyponatremia, hypochloremic alka- 
mls and hypokalemia. Serum and urine electrolyte determinations are par- 
ticularly important when patient is vomiting excessively or receiving 
‘parenteral fluids. Warning signs, irrespective of cause, are dryness of 
‘mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains 
ter cramps, muscular fatigue, hypotension, oliguria, tachycardia, and gastro- 
‘intestinal disturbances such as nausea and vomiting. Hypokalemia may de- 
velop, especially with brisk diuresis, in severe cirrhosis, with concomitant 
“corticosteroid or ACTH therapy. or with inadequate oral electrolyte intake. 
-Hypokalemia can sensitize or exaggerate response of heart to toxic effects 
of digitalis (e.g., increased ventricular irritability). Hypokalemia may be 
“avoided or treated by use of potassium supplements, such as foods with a 
‘high potassium content. Any chloride deficit is generally mild and usually 
does not require specific treatment except under extraordinary circum- 
| stances (as in liver disease or renal disease). Dilutional hyponatremia may 
` occur in edematous patients in hot weather; appropriate therapy is water 
restriction, rather than administration of salt except in rare instances when 
„the hyponatremia is life threatening. In actual salt depletion, appropriate 
replacement is the therapy of choice. 
Hyperuricemia may occur or frank gout may be precipitated in certain pa- 
tients. Insulin requirements in diabetic patients may be increased, de- 
creased, or unchanged; latent diabetes mellitus may become manifest. 
Thiazides may increase responsiveness to tubocurarine. Antihypertensive ef- 
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When used with other antihypertensive 
drugs, careful observations for changes in 
blood pressure must be made, especially during initial therapy. Dosage 
of other antihypertensive agents must be reduced by at least 50 percent 
as soon as this drug is added to the regimen. As blood pressure falls 
under the potentiating effect of this agent, further reduction in dosage, 
or even discontinuation, of other antihypertensive drugs may be necessary. 


Adverse Reactions: Gastrointestinal System—Anorexia; gastric irritation; 
nausea; vomiting; cramping; diarrhea; constipation; jauncice (intrahepatic 
cholestatic jaundice); pancreatitis; sialadenitis. 

Central Nervous System—Dizziness; vertigo; paresthesias; headache; xan- 
thopsia. 

Hematologic—Leukopenia; agranulocytosis; thrombocytopenia; aplastic 
anemia. 

Cardiovascular—Orthostatic hypotension (may be aggravated by alcohol, bar- 
biturates, or narcotics). 

Hypersensitivity—Purpura; photosensitivity; rash; urticaria; necrotizing an- 
giitis (vasculitis) (cutaneous vasculitis); fever; respiratory distress; ana- 
phylactic reactions. 

Other—Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; 
restlessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should 
be reduced or therapy withdrawn. 

How Supplied: Tablets containing 25 mg hydrochlorothiazide each in bottles 
of 100 and 1000 and single-unit packages of 100; Tablets M S D 


containing 50 mg hydrochlorothiazide each in bottles of 
For more detailed information, consult your MSD representa- E 





100, 1000, and 5000 and single-unit packeges of 100. 
tive or see full prescribing information. Merck Sharp & Dohme, 
Division of Merck & Co., INe., West Point, Pa. 19486 


Sentry 75 pacemaker: 

GE HgO/Zn batteries, 
hermetically sealed 

GE hybrid microcircuitry... 
and documented 
performance. - 


The performance of the Sentry 75 
unipolar and bipolar, ventricular 
inhibited pacemaker has been 
documented for your evaluation. 
For your copy of the reliability 
report, simply fill out and mail this 
coupon. Or ask your GE 
representative. 


General Electric Medical Systems, 
Milwaukee, Toronto, Liege, Madrid 


d 
for the 
Sentry 75 
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report. V. Sox ie Maes, VS 


the Reliability Report on the Sentry 75 pacemaker. 
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Americanoffers youa =S 
complete line of ECG 
electrode systems... 


American’s Infant 
Electrode and lead- 
wire with low 
profile connector. 
The first system 
designed for the 
special needs of 
pediatric ECG and 
apnea monitoring. 


Patient Rn cone 
cables with up to fif- 
teen leads are avail- 

able from American. 





The American Stress 
Test Electrode. The 
only system specifi- 
cally designed to meet 
the requirements 

of stress testing. 








American’s ECG 
electrodes are pre- 
gelled, self-adhering 
and disposable. 


ECG monitoring is no place for compromises. 
That’s why American offers you a choice of 
“no-compromise” electrode systems, each 
designed for a specific monitoring area. 


Long Term System 


The majority of ICU /CCU's in this 
country now depend on the American Long 
Term Electrode system. 

There are reasons for this overwhelming 
acceptance. This silver/silver chloride 
electrode is convenient to use and offers 
up to seven days of reliable, trouble-free 
monitoring performance. 

The things you don't want . . . patient 
skin irritation, motion artifact and wide 
base lines . . . are the things this system 
invariably eliminates. 

The American Long Term Electrode sys- 
tem lets you devote more time to patient 
care, less time to fussing with electrodes. 











The American O.R. 
Electrode. High per- 
formance for short 
term monitoring. 


Stress Test System 


This is the first electrode and 
cable system designed for the 
rigors of stress test monitoring. 

The American Stress Test 
system minimizes problems 
with wide or unstable base 
lines, motion artifact and pos- 
sible hidden S-T depression. 

The silver/silver chloride 
electrodes are pregelled and 
disposable. 

hey are quickly and easily 
applied . . . and they'll stay 
put, even on patients who 
perspire heavily. 

The quick disconnect cable 
and leadwires are fully shield- 
ed: Electrical interference is 
virtually eliminated; a damag- 
ed leadwire need not interrupt 
test continuity because it can 
be replaced in moments. 

American's system can 
make stress testing easier for 
the technician and more 


meaningful to the cardiologist. 


(Because of the Stress Test Electrode's special 
gel formulation, application periods of longer 
than four hours are not recommended.) 


The American Long 
Term Electrode. Pre- 
ferred by the major- 
ity of ICU/CCU's. 


T MORES 
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Infant System 


Infants are special. So is 
American's Infant Electrode 
System: It puts a premium on 
comfort and reliable ECG or 
apnea monitoring. 

Despite its small size and 
unusually mild gel, the silver/ 
silver chloride Infant Elec- 
trode delivers up to 72 hours 
of the same high performance 
as American's adult Long 
Term Electrode. 

The low profile leadwire 
connector fastens to the elec- 
trode without putting pressure 
on the infant. 

Like all the other systems 
from American, the Infant 
Electrode and leadwire per- 
mits standardization of elec- 
trode connections throughout 
the hospital. You can enjoy 
the benefits of a system de- 
signed solely for monitoring 
infants with your present 
ECG equipment. 










... because there's 
such thing as an 
purpose” elec 


O.R. System 


This system answers the 
special needs of short term 
monitoring in operating and 
recovery rooms, or wherever 
there’s a need for high perform- 
ance on a short term basis. 

American’s O.R. Electrode 
delivers a strong signal and 
immediate base line stability. 

Best of all, this advanced 
electrode is fully compatible 
with your present monitoring 
equipment, regardless of man- 
ufacturer or model. With the 
appropriate American lead- 
wire and cable, the electrodes 
used for monitoring in the 
O.R. can be left on the patient 
for monitoring in the recovery 
room. 


rm, Manufactured in U.S.A. by NDM Corporation, Dayton, Ohio 45439 


Available through 


" American’s fully 
— Shielded patient — 
cables are designed _ 

to permit standard- € 
ization of electrode — 
connections through- 
out your hospital. . 













Clinical Trial 


There's an American ECG 
electrode system ideally suited 
to your particular monitoring 
requirements. 


lease contact your Ameri- 


can Hospital Supply or NDM 
Representative and ask for: 

a A complete demonstration 
of an American electrode 
system. 

= A no obligation clinical 

trial. American will supply 
electrodes, leadwires and 
cables to adapt to your 

present monitoring units during 
the trial 
a A total inservice for your 
staff. 

" Information about our 
nationwide technical support 
program. 
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® Before prescribing, see complete prescribing | 
information in SK&F literature or PDR. The 
following is a brief summary. 

*Indications: Edema associated with congestive 
heart failure, cirrhosis of the liver, the nephrotic 
syndrome: steroid-induced and idiopathic 
edema; edema resistant to other diuretic ther- 
apy. Also, mild to moderate hypertension. 


.. Each capsule contains 50 mg. of Dyrenium® (brand of triamterene) Contraindications: Pre-existing elevated serum 


and 25 mg. of boost a potassium. Hypersensitivity to either com- 
ponent Continued use in progressive renal or 


hepaticdysfunctionor developing hyperkalemia. 


Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia 
develops or dietary potassium intake is markedly 
impaired. Enteric-coated potassium salts may 
cause smell bowel stenosis with or without 
ulceration. Hyperkalemia (5.4 mEq/L) has 
been reported in 4% of patients under 60 years, 
in 12% of patients over 60 years, and in less 
than 8% of patients overall. Rarely, cases have 
been associated with cardiac irregularities. 
Accordingly, check serum potassium during 
therapy, particularly in patients with suspected 
or confirmed renal insufficiency (e.g., elderly or 
diabetics). If hyperkalemia develops, substitute 
a thiazide alone. If spironolactone is used con- 
comitantly with ‘Dyazide’, check serum potas- 
sium frequently —both can cause potassium re- 
tention and sometimes hyperkalemia. Two 
deaths have been reported in patients on such 
combined therapy (in one, recommended dosage 
was exceeded; in the other, serum electrolytes 
were not properly monitored). Observe patients 
on ‘Dyazide’ regularly for possible blood dys- 
crasias, liver damage or other idiosyncratic 
reactions. Blood dyscrasias have been reported 
in patients receiving Dyrenium (triamterene, 
SK&F). Rarely, leukopenia, thrombocytopenia, 
agranulocytosis, and aplastic anemia have been 
reported with the thiazides. Watch for signs of 
impending coma in acutely ill cirrhotics. Thia- 
zides are reported to cross the placental barrier 
and appear in breast milk. This may result in 
fetal or neonatal hyperbilirubinemia, thrombo- 
cytopenia, altered carbohydrate metabolism 
and possibly other acverse reactions that have 
occurred in the adult. When used during 
pregnancy or in women who might bear 
children, weigh potential benefits against 
possible hazards to fetus. 


Precautio ns: Do periodic serum electrolyte and 
BUN determinations. Do periodic hematologic 
studies in cirrhotics with splenomegaly. Anti- 
hypertensive effects may be enhanced in post- 
sympathectomy patients. The following may 
occur: hyperuricemia and gout, reversible 
nitrogen retention, decreasing alkali reserve 
with possible metabolic acidosis, hypergly- 
cemia and glycosuria (diabetic insulin require- 
ments may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical pa- 
tients. Concomitant use with antihypertensive 
agents may result in an additive hypotensive 
effect. 

Adverse Reactions: Muscle cramps, weakness, 
dizziness, headache, dry mouth; anaphylaxis; 
rash, urticaria, photosensitivity, purpura, other 


dermatological conditions; nausea and vomiting 
(may indicate electralyte imbalance). diarrhea, 
constipation, other gastrointestinal disturbances. 
Rarely, necrotizing vasculitis, paresthesias, 
icterus, pancreatitis. and xanthopsia have 
occ urred with thiazides alone. 
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~ TWO coon REASONS WHYAVIONICS IS. V, 


. THE LEADER IN EXERCISE STRESS TESTING! 








a BETTER EQUIPMENT — 


introducing the new Avionics Model 
: 8600 ExerStress™ Console... 


1. Automatic Blood Pressure Monitor 
2. Four-Channel Memory Scope 

3. Standard 12-lead Capability 
4. Accurate Heart Rate Meter ! 
5 
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. ST-Segment Computer With PVC Indicator 
5. Automatic Timer For Activating ECG 
Write-out 
7. Three-Channel ECG Writer 
8. Digital Display of Treadmill Speed 
9. Digital Display of Treadmill Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 
42. Automatic Programmer For 
; Controlling Treadmill 
` 43. DC Defibrillator 
14. Work Area 
15. XY Charter of ST-Segment, Heart 
Rate, and Time 
16. Storage Areas 
17. Treadmills: Finest Quality 
Available 


Hi BETTER SERVICE — full service and maintenance contracts available... 


. Compare the quality and performance of our system Ask any competitor to bring and demonstrate his 
- with all others. We'll bring the entire system, including complete system to you, including treadmill exercising. 
-the treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! If you 
- duct an actual stress test under your control. You can want the best, we've got it and we're ready to bring it 

prove the superior performance and diagnostic quality to you. 
"of our system to your own satisfaction. For action, just use the coupon below. 
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know more about this new system. 
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CLINICAL STUDIES 


Variability of Hemodynamic Responses to Acute Digitalization in Chronic Cardiac Failure Due to 
Cardiomyopathy and Coronary Artery Disease 


KEITH COHN, ARTHUR SELZER, EDWARD S. KERSH, LEONARD S. KARPMAN and 
NORA GOLDSCHLAGER 


In this 4 hour study intravenous digitalization did not produce consistent, marked or lasting hemodynamic 
improvement (cardiac index and pulmonary arterial wedge pressure) in eight patients with cardio- 
myopathy or coronary artery disease and chronic congestive heart failure. Digoxin (0.5 mg) given intra- 
venously caused transient arrhythmias in five patients. 


469  Dose-Response Relation Between Therapeutic Levels of Serum Digoxin and Systolic Time Intervals 


ROBERT J. HOESCHEN and THOMAS E. CUDDY 


Studying the effect on systolic time intervals of small increments of serum digoxin within the therapeutic 
range in 21 patients receiving digoxin, these investigators noted a mean decrease in duration of total 
electromechanical events of 6.3 + 2.9 msec and a mean shortening of left ventricular ejection time of 
5.6 + 3.0 msec. Their data suggest that increasing the maintenance dose of digoxin while keeping the 
serum level within therapeutic range improves ventricular function as assessed by measurement of 
Systolic time intervals. 


473  Echocardiographic Studies of Left Ventricular Wall Motion and Dimensions After Valvular Heart 


Surgery 


GARY W. BURGGRAF and ERNEST CRAIGE 


Before and after mitral commissurotomy, septal motion, left ventricular diameters and percent systolic 
shortening of the echocardiographic transverse axis were normal. Before operation, aortic and mitral 
regurgitation were associated with increases in end-diastolic and end- -systolic diameters, septal motion 
and percent systolic shortening of the left ventricular diameter; after valve replacement there were sig- 
nificant decreases in these variables. Septal dyssynergy was seen within 2 months of operation in 91 
percent of patients after aortic valve replacement and in 42 percent after mitral valve replacement. 


Continued on page A13 
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481  Hemodynamic Consequences of Total Removal of the Tricuspid Valve Without Prosthetic 
Replacement 


ERWIN ROBIN, NORMAN W. THOMS, AGUSTIN ARBULU, SUNILENDU N. GANGULY and 


x 
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KONSTANTINOS MAGNISALIS ; 4 
Right heart failure developed in 3 of 10 patients after tricuspid valvulectomy without prosthetic replacement P 
performed as a life-saving measure in the treatment of pseudomonas endocarditis of the tricuspid valve. a 
Although in these patients a tricuspid prosthesis should be inserted after bacteriologic cure, the n 
prosthesis represents a great hazard because of continued parenteral use of addictive drugs and re- S 
current infection. Preoperative data did not differentiate between those who experienced heart failure and js 


those who did not. 
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487 Altered Refractory Periods in Patients with Short P-R Intervals and Normal QRS Complex 
JOE K. BISSETT, NEIL de SOYZA, JAMES J. KANE and MARVIN L. MURPHY 


CONT d: 


In this study of 57 patients with a P-R interval of 110 to 280 msec, His bundle recording and premature 
atrial stimulation at similar cycle lengths of 660 to 770 msec identified a characteristic conduction ab- 
normality that is compatible with a partial atrioventricular (A-V) nodal bypass or dual A-V nodal conduction 
pathways. Patients with a short P-R interval had a mean value for the effective refractory period of the 
A-V conducting system of 247 + 26 msec, which was significantly lower than the mean values of 297 + 51 
msec in patients with a normal P-R interval and 369 + 87 msec in patients with an increased P-R interval. 
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492 Sinus Nodal Function in the Intact Dog Heart Evaluated by Premature Atrial Stimulation and 
Atrial Pacing 


ANDRES R. TICZON, HAROLD C. STRAUSS, JOHN J. GALLAGHER and ANDREW G. WALLACE 
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Using premature stimulation of the right atrium to analyze sinus nodal function in 25 dogs, four zones 
within the atrial cycle were delineated. Analysis of the post-return cycle was essential in interpretation of 
the data. After periods of continuous right atrial pacing a variety of patterns of sinus nodal depression were 
observed at different rates and durations of stimulation. The frequent occurrence of a short sinus escape 
cycle followed by the maximal pause observed during rapid pacing rates suggests sinus nodal entrance 
block—an important factor to consider in determining an optimal pacing rate for assessing sinus nodal 
function. 
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504 Ischemic Heart Failure: Sustained Inotropic Response to Small Doses of I-Epinephrine Without 
Toxicity 


BUNYAD HAIDER, MOHAMMAD |. KHAN, WILLIAM M. BURKE and TIMOTHY J. REGAN 
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Nontoxic small doses of epinephrine produced a better therapeutic response than acetylstrophanthidin in 
intact anesthetized dogs with acute ischemia in previously normal ventricles. The drug significantly re- 
duced end-diastolic pressure and increased stroke volume without causing a greater incidence of ven- 
tricular fibrillation. In dogs with severe ischemic heart failure the infusion of epinephrine significantly 
decreased end-diastolic pressure, and end-diastolic volume, stroke volume and ejection fraction were 
restored to control levels after 4 hours of ischemia. 
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THE NEW GOO A DRAMATIC LEAP FORWARD 
IN DYNAMIC ELECTROCARDIOGRAPHY! 





Model 660 Features: 


2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 


Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 

Model 425 Holter Monitor 

Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 

Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 
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[1 Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


[] Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/ Phone: (213) 641-7700 
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514 Risk Factors for Myocardial Infarction and Death Due to Ischemic Heart Disease and Other Causes 
GOSTA TIBBLIN, LARS WILHELMSEN and LARS WERKO 


In this group of 855 men of Góteberg, Sweden, born in 1913 and examined in 1963, cigarette smoking, 
alcoholic intemperance, dyspnea on exertion, elevated blood pressure and serum cholesterol levels and 
diminished peak expiratory flow rate were found to be related to ischemic heart disease. A greater trend 
toward more abnormal findings for all these variables, except smoking, was noted in men who later had 
fatal ischemic heart disease than in those with nonfatal myocardial infarction. Obesity, the level of 
physical activity, fasting blood glucose levels, coffee consumption, hematocrit and sedimentation rate at 
age 50 had no predictive value in assessing the risk of nonfatal myocardial infarction, fatal ischemic heart 
disease or death from other causes before the age of 60. 


523 Influence of Race, Sex and Weight on Blood Pressure Behavior in Young Adults 


ARNOLD L. JOHNSON, JOAN C. CORNONI, JOHN C. CASSEL, HERMAN A. TYROLER, 
SIEGFRIED HEYDEN and CURTIS G. HAMES 


Casual blood pressure recordings in 546 black and white persons aged 15 to 29 years in 1960-1962 and 
repeated in 436 of the same subjects in 1967-1969 suggest that overweight is a risk factor for hypertension 
in this age group, particularly among white males and females and black females. Maintenance of ideal 
weight instituted in youth may constitute a significant preventive safeguard against the later development 
of high blood pressure. 


METHODS 


531 The Omnicardiogram. New Approach to Detection of Heart Disease in Patients with a Normal 
Resting Electrocardiogram 


LOUIS EVAN TEICHHOLZ, PETER F. COHN and RICHARD GORLIN 


The omnicardiogram, a new technique digitizing various leads of the standard electrocardiogram and 
subjecting them to a nonlinear mathematical transformation, proved superior to the Master exercise 
tolerance test in detecting coronary artery disease in 121 men with a normal resting electrocardiogram 
who underwent selective coronary cineangiography for chest pain. The omnicardiogram was also ab- 
normal in 81 hypertensive patients with or without coronary artery disease, thus suggesting that this test 
detects early changes in myocardial electrophysiology regardless of cause. 1 


537 Effect of Transducer Placement on Echocardiographic Measurement of Left Ventricular Dimensions 
RICHARD L. POPP, KATHERINE FILLY, OWEN R. BROWN and DONALD C. HARRISON 
Since inconsistent placement of the transducer on the chest wall introduces errors into the quantitative 
measurement of the left ventricle, recording of echocardiograms from a "standard interspace," using 


intracardiac landmarks and observation of transducer orientation as described in this article will improve 
the reproducibility of such measurements. 
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Multi-Department Monitors 


With rising overhead costs, mul- 
tiple-use equipment is of critical 
importance. Burdick offers inter- 
departmental versatility to ex- 
tend your coronary care skills in 
a variety of critical areas—with 
a minimum investment in instru- 
mentation! 

Burdick monitors 
move from area to 
area — ICU, CCU, % 
Emergency, Recov- 









ery and Operating rooms, and 
for ECG and ExECG procedures. 
Check the applications of Bur- 
dick’s interchangeable pream- 
plifiers and integral heart rate 
meter for even greater versatility. 
Call your Burdick dealer for a 

demonstration, or write 
The Burdick Corporation, 
Milton, Wisconsin 53563. 


BURDICK 


Not always. Mounting clinical 
evidence indicates that Central Venous 
Pressure is significantly affected by factors 
other than blood volume in the critically il 
patient. Heart failure, chronic lung disease 
pulmonary embolism, and acute myocardial 
infarction are specific examples. 

Accordingly, a growing number 

„of physicians consider the measurement 
of pulmonary artery pressure and 
pulmonary wedge pressure essential 
for the management of patients with 
circulatory failure caused by volume 
depletion, cardiac failure, or peripheral 
circulatory failure. These critically important 
measurements are routinely taken using 
the SWAN-GANZ® Flow-Directed 


Does CVP reveal the patient's condition 
as it really is? 


Catheters from Edwards Laboratories. 
SWAN-GANZ® Catheter insertion 
is commonly performed at bedside without 
fluoroscopy. The soft, pliable catheter body 
incorporates an inflatable balloon which 
surrounds the catheter tip; the flow of 
blood against the inflated balloon facilitates 
pulmonary artery catheterization. 
Catheters are available for a wide 
variety of clinical applications including: 
pressure monitoring, temporary trans- 
venous pacing, and combined pressure 
and cardiac output determination. 
Scientific reprints and de- 
scriptive product literature may 
be obtained by writing Edwards 
Laboratories, Division of American 





Hospital Supply Corporation, 17221 Red 
Hill Avenue, PO. Box 11150, Santa Ana, 
CA 92711, 714/557-8910, Cable Address: 
EDSLAB, Telex: 68:5567. 
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*Indications: Based on a review of this 
drug by the National Academy of 


Sciences— National Research Council 
- and/or other information, FDA has clas- 
Sified this drug as "possibly" effective 
b 


for peripheral vascular disease and cir- 
culatory disturbances of the inner ear. 
Final classification of the less-than- 


effective indications requires further 
nd 
Contraindications: Acute myocardial 
infarction, paroxysmal tachycardia, pro- 
gressive angina pectoris and thyrotoxicosis. 
Warnings: In patients with cardiac disease 


such as tachyarrhythmias and uncompen- 


: : ; s sated congestive heart failure, the benefit/ 
@ to help increase blood supply to ischemic areas risk ratio should be weighed prior to therapy 


e to help relieve leg cramps, tingling, numbness, cold hands and feet* and reconsidered at intervals during treat- 
ment. Adverse Reactions: Trembling, 

















Indications* nervousness, weakness, dizziness (not 
@ arteriosclerosis obliterans associated with labyrinthine artery insuf- 
e thromboangiitis obliterans (Buerger's disease) ficiency), palpitations, nausea and vomiting 
@ diabetic vascular disease may occur. Postural hypotension, while not 


reported, may also occur. Dosage: Orally, 


e night leg cramps 3 to 12 mg. three or four times a day. How 


@ ischemic ulcer Supplied: White, scored tablets, 6 mg. and 
@ Raynaud's phenomenon and disease 12 mg. Bottles of 100 and 1000; single- 
dose blister packs, boxes of 500. 
« 
PHARMACEUTICALS 
T Miller, R.R. et al.: The pharmaco!ogic basis for clinical use of beta-adrenergic blocking drugs, USV PHARMACEUTICAL CORP. 


Ration. Drug Ther. 8:2, Apri! 1974. Tuckahoe, N.Y. 10707 
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SYMPOSIUM ON ATHEROSCLEROSIS AND METABOLISM OF THE ARTERIAL WALL 


541 Introduction 
RICHARD J. BING 


542  Pathogenetic Mechanisms in Atherosclerosis 
KENNETH W. WALTON 


The modified form of the insudative theory outlined in this comprehensive review best explains the known 
association of risk factors with atherosclerosis and how they operate at the level of the arterial wall. Ef- 
forts to prevent or alleviate the effects of atherosclerosis must be directed at controlling all identifiable 
factors rather than a single one in any person considered to be at risk. 


559 Mechanisms of Cholesterol Accumulation in the Arterial Wall 
DONALD B. ZILVERSMIT 


This review of cholesterol and lipid transport provides evidence that the concentration of plasma low or 
very low density lipoproteins parallels the rate of atherosclerosis and that there is a possible link among 
plasma lipoproteins, arterial lipoprotein lipase and atherogenesis. 


567 . Aortic Mitochondrial Synthesis of Lipid and Its Response to Cholesterol Feeding 
ARTHUR F. WHEREAT and JOSEPH L. RABINOWITZ 


In mitochondria isolated from control and atherosclerotic rabbit aortas more acetate was incorporated o 
into fatty acids in the cholesterol-fed animals, primarily by chain elongation. The newly elongated fatty — 
acids were esterified mostly into phospholipids, presumably those turning over most rapidly. A hypothesis 
is proposed for this pathogenetic sequence. 


572 Turnover of Phospholipids in Rat Aortic Smooth Muscle Cells in Culture 
YECHEZKIEL STEIN and OLGA STEIN 


Cultured rat aortic smooth. muscle cells show an active lipid synthesis after incubation with labeled 
precursor. Choline is incorporated mainly into lecithin; glycerol and palmitate appear in phospholipids and 
to a lesser extent in neutral lipids. The results indicate that choline does not turn over by an exchange 
reaction and is a suitable marker for studying phospholipid/turnover in cultured cells. 


579 Lipid Metabolism in Perfused Human and Dog Coronary Arteries 


JONNALAGEDDA S. M. SARMA, HARALD TILLMANNS, SHIGEAKI IKEDA, ARPINE GRENIER, 
ELANA COLBY and RICHARD J. BING 


Atherosclerotic and normal human coronary arteries, as well as human saphenous veins perfused at 
arterial pressure, incorporated '4C-acetate into lipids but failed to synthesize either cholesterol or 
cholesterol esters, carbon monoxide and collagenase-augmented cholesterol flux into the artery. Active 
inhibition of cholesterol uptake in the arterial wall can be accomplished by competitive inhibition with 
7-ketocholesterol. : 


Continued on page A19 





Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method— 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY-INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
* atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peated in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by 1? to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 
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SPECIAL DEPARTMENTS 


Letters to the Editor 


Posterior Wall Velocity—Bough et al. 
Ventricular Fibrillation Due to Passage of a Swan-Ganz Catheter— Cairns and Holder - 
Multiple Coronary Arteriosystemic Fistulas— Gupta et al. 
Natural. History of Angina Pectoris—Russek et al. 
; External Counterpulsation and Aortic Balloon Pumping— Cokkinos 


f. : eviews in Cardiology 


^. Book Reviews 


American College of Cardiology News 


CORRECTION 


An error appeared in Figure 5 on page 202 of the February issue: (Bashour T, 
Hsu. |, Gorfinkel HJ: Atrioventricular and intraventricular conduction in hyper- 5 
kalemia. Am J Cardiol 35: 199-203, 1975). The bottom electrocardiogram should : 

have been labeled K = 5.1. 2 
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medical instruments. Period. 
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seem odd, in this Day of The 
 Multi-Line Manufacturer? 
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BOE 


patient monitoring system. 

And it’s quite basic, when 
you think aboutit. 

All our R&D, all our produc- 
tion, all our testing, all our 
service facilities are single- 
mindedly devoted to medical 
instrumentation. 

In addition, we're backed by 
a parent company — Becton, 
Dickinson — the #1 in hospital 
equipment for more 
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maximum of 120 mg./day) 


* To provide prophylaxis against anginal attacks often caused by 
unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris attacks. 
(Not intended to abort the acute episode.) 











* indications: Based on æ review of this drug by the National Academy 
of Sciences— National Research Council and/or other information, FDA 
has classified the indication as follows: 

“Possibly” effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance tc this drug and cross-tolerance to other nitrites 
and nitrates may occur. 
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Because higher dosage often is necessary 
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Fewer tablets for patients on 80 mg. or more per day (up toa 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 
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Stal regimen for rapid 


reduction of blood pressure - 


in malignant hypertension 


direct-action 





t] Rapid reduction to normotensive levels 

Induces rapid reduction of blood pressure generally 
within 5 minutes...often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy 


o Prolonged activity 


A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 


O Protective action — helps avert target 
organ damage 


Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease 


Administration 
guidelines 


E p 


“The injection of the [diazoxide] bolus 
in 10 to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
pressure response usually occurs 
within 5 to 10 minutes:”* 


O Uncomplicated procedure 


Simple |.V. "push" in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 


until blood pressure is stabilized (generally 15-30 minutes). 


Thereafter, hourly measurement should be taken during 
the balance of effect. 


o Stable...convenient...no preparation 


HYPERSTAT I.V. Injection supplied in a 20 ml. ampule 
containing a stable solution of diazoxide 300 mg 
... ready to use. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 





4 Hospitalized 2 Fill dry syringe Insert needle Inject entire Remove needle 
» patient should s with appropriate a Only into a dose l.V. in = carefully 
be recumbent dose of HYPERSTAT a peripheral vein 30 seconds or less avoid extravasation. 


LV. Injection (20 ml 
ampule contains 
300 mg. diazoxide) 


am fcm 


~ | PSs 


Patient should Monitor blood 8 If patient is to be 
* remain.recum- * pressure closely * ambulatory. 
bent for at least half until stabilized — blood pressure should 


an hour after injection usually 15-30 minutes 


is ended 


Copyright © 1975, 
Schering Corporation, 
All rights reserved. 


be measured in 
standing position 
before surveillance 
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HYPERSTAT LV. 

* Injection should 
be continued until a 
regimen of oral 
antihypertensive 
medication becomes 
effective — generally 
within a few days. 


Before prescribing HYPERSTAT I.V. Injection. please consult complete product information on next page 














.— FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 
Tw 

Description HYPERSTAT |V. Injection is a rapidly acting antihypertensive agent. 

Each ampule (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 

derivative, in a clear, colorless, acueous solution; the pH is adjusted to approx- 

imately 11.6 with sodium hydroxice. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 


ents usually remain responsive 












^ Dip dace ve bound to serum protein (79090). The plasma half-life is 

. 28 +8.3 hours; however, the duration of its antihypertensive effect is variable, 
generall PUE repe than 12 hours. Although an antihypertensive response has been 

obtained with slow intravenous in;ection, in general, a greater antihypertensive effect 

is obtained with rapid intravenous administration. 

Indications HYPERSTAT I.V. Injection is indicated for the emergency reduction of 

- blood pressure in malignant hypertension in hospitalized patients, when prompt and 
- urgent decrease of diastolic pressure is required. Treatment with orally effective anti- 

(S ick e agents should be instituted as soon as the hypertensive emergency is 

- controlled. i , 

..— HYPERSTAT (diazoxide) I.V. Injection is ineffective against hypertension due to 

pheochromocytoma. 

Contraindications HYPERSTAT |.V. Injection should not be used in the treatment of 
‘compensatory hypertension, such as that associated with aortic coarctation or arte- 
. riovenous shunt. ; r 5 - 

The drug should not be used ir patients hypersensitive to diazoxide or other thi- 
. azides, unless the potential bene®ts outweigh the possible risks. 
= Warnings Usagein Pregnancy: "he safety of HYPERSTAT I.V. Injection in pregnancy 
.. has not yet been established. 
> = Information is not available concerning the passage of HYPERSTAT in breast milk. 

... However, it is known that diazoxide crosses the placental barrier and appears in cord 
- blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
emia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
- adverse reactions that have occurred in adults. 

Usage in Children: The safety of HYPERSTAT I.V. Injection in children has not yet 
been established. à 

- Hypotension may occasionally result from the administration of HYPERSTAT I.V. 
_ If hypotension severe enough to require therapy occurs, it will usually respend to 
-the administration of sympathomimetic agents, such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment 
- only in patients with diabetes mellitus; it will respond to the usual management, in- 
cluding insulin. Therefore, blood glucose levels should be monitored especially in 
_ patients with diabetes or in those requiring multiple injections of diazoxide. Hyper- 

. glycemia and hyperosmolar coma associated with transient cataracts developed in 

“one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 

_ served ina fewanimals receiving repeated daily doses of intravenous or ora diazoxide. 
fy Since diazoxide causes sodium retention, repeated injections may precipitate 
ET | edema enna yo ip qa failure. This retention responds characteristically to 

diuretic agents if adequate renal function exists. It should be noted that concurrently 
- administered thiazides ey potentiate the antihypertensive, hyperglycemic, and 
j nn actions of diazoxide (See Drug Interactions). 

ince increased volume of extracellular fluid may be a cause of treatment failure in 

nonresponsive patients, it may be advisable to reduce this increased volume by 
means of midi agent. . : 

Although no evidence of excessive anticoagulant effects has been reported, 

tients, especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 

njection and coumarin or its derivatives, may require reduction in dosage of the 
anticoagulant (See Drug Interactions). 

Precautions HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent 
*. requiring close monitoring of the patient's blood pressure at frequent intervals. 

- Its administration may occasionally cause hypotension requiring treatment with 
sympathomimetic drugs. Theretore, adequate facilities to treat such untoward 

- reactions should be available when HYPERSTAT LV. Injection is used. 

HYPERSTAT LV. Injection should be administered only into a periphera' vein. 
Becausethe alkalinity of the solution is irritating to tissue, extravascular injection or 
leakage should be avoided; subcutaneous administration has produced int ammation 
and pain without subsequent necrosis, If leakage into subcutaneous tissue occurs, 
the area should be treated conservatively. : 

Maximal antihypertensive effects occur after rapid administration (witnin 30 sec- 
onds) into the vein; a slower injection may fail to reduce blood pressure orproduce a 
very brief response. _ 

As with any potent antinypertensive agent, HYPERSTAT I V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 
patients in whom abrupt and brief reductions in blood pressure might be detrimenta!. 

Special attention is required tor patients with diabetes mellitus and those in whom 
retentionof salt and water may present serious problems (See Warnings). Nondiabetic 

ients may have a transient, reversible, and clinically insignificant increase in 
lood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
blood, patients undergoing dialysis may require more than one injection. 

Adverse Reactions 

Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
glycemia frequently requiring treatment in diabetic patients, especially after 
jections. 








E as rash, leukopenia, and fever. Rarely, acute pancreatitis has been re 
oo, Other adverse reactions: Nausea, vomiting, an 
mee - dilative phenomena, such as flushing, generalized or localized sensations of warmth 
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headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- — 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; - 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria. 

Drug Interactions  Sincediazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when — 
administering HYPERSTAT |.V. injection the concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. ' 
Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
onde. Excessive hyperglycemia resulting from overdosage will respond to 
conventional therapy of hyperglycemia. A 

Diazoxide may be removed trom the blood by peritoneal dialysis or hemodialysis. 
Animal Pharmacology and Toxicology In studies involving a number of species, 
including the rat, cat, dog, and monkey, diazoxide has been shown to exert significant ! 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. 

In addition, in each species tested, ingles the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of anima!s indicate that diazoxide, when administered during the 
critical period of embryc formation, may interfere with normal fetal development, 

ssibly through altered glucose metabolism. Parturition was occasionally pro- 

onged in animals treated at term. 
Dosage and Administration | HYPERSTAT I.V. Injection is administered undiluted and 
rapidly by intravenous injection. It should only be given into a peripheral vein. Do not 
administer it intramuscu arly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subeutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within oneto two minutes, tothe 
lowest level achieved. TFe blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

. Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days anc a regimen of oral antihypertensive medications should be 
instituted as soon as possible 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg. 
of HYPERSTAT I.V. Inject on are administered intravenously in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). i 1 

A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required 
for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. 

Repeated administrat on of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a regimen 
of oral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to continue treatment with HYPE TAT IV. Injection for more than 
four to five days. 

. Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 
tient remain recumbent for half an hour after injection. In ambulatory patients, the 

atu pressure should be measured with the patient standing before surveillance is 
ended. 

Since repeated admiristration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reducticn and to avoid congestive failure. 

How Supplied | HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule. 

Protect from light and freezing. 

Store away from heat. 
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AS FAST 
AS SUBLINGUAL 


~ CHEWABLE 
SORBITRATEsuc 


ISOSORBIDE DINITRATE 


Offers all the benefits 
you've come to expect of 
sublingual ISDN: E 
£ acts just as fast for thera- | Naera Acadamy of Sacre 
peutic use...within 2 minutes 
[.] acts just as long for 
prophylaxis...up to 2 hours 
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significant loss of potency.) 


Offers these unique 
advantages over the 
sublingual form: 
Natural chewing action 
stimulates saliva secretion... 
[.] helps dissolve medication 
more easily 
O helps distribute nitrate 
over a larger mucosal area sis recomm 
C helps avoid "dry-mouth" STUART PHARMACEUTICALS 
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Less anxiety before 
elective cardioversion. 


The patient is relaxed now, waiting quietly for you to begin. Al- 
though slightly drowsy, he appears well able to comply with instructions. 
And there's little trace left of the acute anxiety he was experiencing only 
a short while ago. 


Injectable Valium’ (diazepam) made the difference. Administered 
five to ten minutes before the procedure, Valium — 5 to 15 mg injected 
I. V.—generally calms the overly tense, apprehensive patient and re- 
lieves much of his “anticipatory” emotional distress. In many cases, 
` this eliminates the need for general anesthesia and O.R. scheduling. 


In administering Injectable Valium, certain precautions must be 
taken. Valium must be injected slowly, taking at least one minute for 
each 5 mg (1 ml) given. To minimize local irritation, do not use small 
veins, such as those on the dorsum of hand or wrist. Extreme care 
should be taken to avoid intra-arterial administration or extravasa- 
tion. And Valium should not be mixed or diluted with other drugs, 
solutions or fluids. 


Although Injectable Valium (diazepam) seldom significantly alters 
uital signs, resuscitative facilities should be readily available. There 
have been occasional reports of apnea and/or cardiac arrest, particu- 
larly in elderly or very ill patients, or patients with limited pulmonary 
reserve. 

Injectable Valium not only lessens the patient's anxiety but also can 
markedly diminish his memory of the countershock. This frequently 
contributes to a more emotionally comfortable rehabilitative period. 
Equally important —it helps reduce apprehension if a repeat procedure 
should become necessary. 


L 
Less recall atterwards. 





Before prescribing, please consult complete product information, 
a summary of which appears on the next page. 


TO PCL hye 


or excessive anx 


Injectable Valium diazepam 


ready-to-use 2-ml Tel-E-Ject" (disposable syringes) 
2-mlampuls ; 5mg/ml 
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iety prior to elective cardi 
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à) 10-ml vials 
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— Before prescribing, please consult complete product information, Adverse Reactions: Drowsiness, fatigue, ataxia, venous thrombo- 
|. a summary of which follows: sis and phlebitis at injection site, confusion, depression, dysar- 


thria, headache, hypoactivity, slurred speech, syncope, tremor, 
vertigo, constipation, nausea, incontinence, changes in libido, 
urinary retention, bradycardia, cardiovascular collapse, hypoten- 
sion, blurred vision, diplopia, nystagmus, urticaria, skin rash, 
hiccups, changes in salivation, neutropenia, jaundice. Paradoxical 
reactions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep disturb- 
ances and stimulation have been reported; should these occur, use 
of the drug should be discontinued. Cough, depressed respiration, 
dyspnea, hyperventilation, laryngospasm and pain in throat and 
chest have been reported in peroral endoscopic procedures. Iso- 
lated reports of neutropenia, jaundice; periodic blood counts and 


|. Indications: Tension and anxiety states; somatic complaints which 
_ are concomitants of emotional factors; psychoneurotic states 

| manifested by tension, anxiety, apprehension, fatigue, depressive 
| symptoms or agitation; symptomatic relief of acute agitation, 

. tremor, impending or acute delirium tremens and hallucinosis due 
|. to acute alcohol withdrawal; adjunctively in: relief of skeletal 

~ muscle spasm due to reflex spasm to local pathology; spasticity 

-.. caused by upper motor neuron disorders; athetosis; stiff-man syn- 
_ drome; tetanus; status epilepticus and severe recurrent seizures; 

- adjunctively in anxiety, tension or acute stress reactions prior to 

- endoscopic and surgical procedures; cardioversion. 


Ea “aon erii EMEN; D grs ean known hypersensitiv- liver function tests advisable during long-term therapy. Minor 
| ity to the drug; in acute narrow angle glaucoma; may be used in EEG changes, usually low-voltage fast activity, of no known 
| patients with open angle glaucoma receiving appropriate therapy. significance. 
| Warnings: When used I.V., the following procedures should be Dosage: Usual initial adult dose is 2 to 20 mg I.M. or I.V., de- 
is undertaken to reduce the possibility of venous thrombosis, phle- pending on indication and severity. Larger doses may be required 
|: bitis, local irritation, swelling, and, rarely, vascular impairment. in some conditions (tetanus). In acute conditions injection may 
|. Inject slowly, taking at least one minute for each 5 mg (1 ml) be repeated within 1 hour, although interval of 3 to 4 hours is 
(t. given; do not use small veins, i.e., dorsum of hand or wrist; ex- usually satisfactory. Lower doses (usually 2 to 5 mg) with slow 
"treme care should be taken to avoid intra-arterial administration dosage increase for elderly or debilitated patients and when 

or extravasation, Do not mix or dilute with other solutions or sedative drugs are added. (See Warnings and Adverse Reactions.) 


| drugs; do not add to I.V. fluids. 

| Administer with extreme care to elderly or very ill and those with 

|- limited pulmonary reserve because of possibility of apnea and/or 

l cardiac arrest; have resuscitative facilities available. When used 

|^ with narcotic analgesic eliminate or reduce narcotic dosage at 

- Jeast 4, administer in small increments. Should not be admin- 
istered to patients in shock, coma, acute alcoholic intoxication 


I.M. use: by deep injection into the muscle. 


I.V. use: inject slowly, take at least one minute for each 5 mg 

(1 ml) given. Do not use small veins, i.e., dorsum of hand or 
wrist. Use extreme care to avoid intra-arterial administration or 
extravasation. Do not mix or dilute with other solutions or drugs; 
do not add to 1.V. fluids. 


_ with depression of vital signs. As with most CNS-acting drugs, Moderate psychoneurotic reactions, 2 to 5 mg LM. or LV. and . 

| caution against hazardous occupations requiring complete mental severe psychoneurotic reactions, 5 to 10 mg I.M. or I.V., repeat in 

- alertness (e.g., operating machinery, driving). Advise against 3 to 4 hours if necessary; acute alcoholic withdrawal, 10 mg I.M. 
simultaneous ingestion of alcohol and other CNS depressants. or I.V. initially, then 5 to 10 mg in 3 to 4 hours if necessary; — 

| Withdrawal symptoms (similar to those with barbiturates and muscle spasm, 5 to 10 mg I.M. or I.V. initially, then 5 to 10 mg in 

' alcohol) have occurred following abrupt discontinuance (con- 3 to 4 hours if necessary (tetanus may require larger doses); 

~ vulsions, tremor, abdominal and muscle cramps, vomiting and status epilepticus, severe recurrent convulsive seizures, 5 to 10 mg 

| sweating). Keep addiction-prone individuals under careful surveil- I.M. or LV. initially, repeat in 2 to 4 hours if necessary. In endo- 

| lance because of their predisposition to habituation and depend- scopic procedures, titrate I.V. dosage to desired sedative response, 

| ence. In pregnancy, nursing women or women of childbearing generally 10 mg or less but up to 20 mg (if narcotics are omitted) 

-. potential, weigh expected benefit against possible hazard to immediately prior to procedure; if I.V. cannot be used, 5 to 10 


mg I.M. approximately 30 minutes prior to procedure. As pre- 
operative medication, 10 mg I.M.; in cardioversion, 5 to 15 mg 
I.V., within 5 to 10 min. prior to procedure. Once acute symptom- 
atology has been properly controlled with injectable form, patient 
may be placed on oral form if further treatment is required. 


| mother and child. Not recommended for OB use. 

- Precautions: If combined with other psychotropics or anticon- 

` vulsants, carefully consider individual pharmacologic effects— 

_ particularly with known compounds which may potentiate action 
| of Valium(diazepam), i.e., phenothiazines, narcotics, barbitu- 


. rates, MAO inhibitors and other antidepressants. Protective Management of Overdosage: Manifestations include somno- 
| measures indicated in highly anxious patients with accompanying lence, confusion, coma and diminished reflexes. Monitor respira- 
_ depression who may have suicidal tendencies. Observe usual pre- tion, pulse, blood pressure; employ general supportive measures, 
i cautions in impaired hepatic function; avoid accumulation in LV. fluids, adequate airway. Use levarterenol or metaraminol for 
_ patients with compromised kidney function. Laryngospasm and hypotension, caffeine and sodium benzoate for CNS-depressive 
| increased cough reflex are possible during peroral endoscopic effects. Dialysis is of limited value. 
procedures; use topical anesthetic and have necessary counter- Supplied: Ampuls, 2 ml, boxes of 10; Vials, 10 ml, boxes of 1; 
measures available. Hypotension or muscular weakness possible, Tel-E-Ject® (disposable syringes), 2 ml, boxes of 10. Each ml 
particularly when used with narcotics, barbiturates or alcohol. contains 5 mg diazepam compounded with 40% propylene glycol, 
Use lower doses (2 to 5 mg) for elderly and debilitated; safety 10% ethyl alcohol, 5% sodium benzoate and benzoic acid as 
and efficacy in children under 12 not established. buffers, and 1.5% benzyl alcohol as preservative. 


m. * Roche Laboratories 
$t Division of Hoffmann-La Roche Inc. 
[3 Nutley, New Jersey 07110 
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Over 4,500 Cardiac Implant Patients are 


PACING TO THE BEAT OF A 
SAFER DRUMMER 





THE CPI LITHIUM-IODINE PULSE GENERATOR PROVIDES 
EXTRA SAFETY MARGINS FIVE WAYS. 


Longevity. Hermetically-sealed, solid-state 
lithium-iodine battery designed specifically 
for implanted prosthetics by Wilson- 
Greatbatch to last in excess of 10 years. No 
battery failures in over 27 months of clinical 
studies. No catastrophic failure modes in 
over four years of testing. 


Reliability. Solid-state hybrid cir- 
cuitry permits simplified production 
and pre-testing of total circuits. 
Result: fewer failures to date—only 
one-half of 1% compared to an in- 
dustry average of 3% to 5%. 


Energy capacity. Power cell con- 
tains an excess of energy as a 
safety margin for the entire life of 
the unit. 


Elective replacement time. 
When pulse generator slows down 





6 ppm there is still a safety margin of time to 
schedule elective replacement with- 
out emergency. 


Triple hermeticseal. Battery,circuit and can 
individually hermetically sealed; provides a 
positive barrier against body fluids. 


Two plus years of clinical results 
available now. 

Ask for our physician's reference 
package. Clinical trials to date, 
test data, technical literature. Write 
on your letterhead or Rx. Or call. 
Medical Communications De- 
partment. 


Available in R wave inhibited demand and 
asynchronous models. Unipolar and bipolar. 
Accepts popular leads without adaptors 
24 HOUR TECHNICAL PROFESSIONAL CONSUL- 
TATION. 4 YEAR FULL WARRANTY. 


ST. PAUL, MINNESOTA 55112 U.S.A. 


CARDIAC PACEMAKERS, INC. 
& i 1140 RED FOX ROAD 


TELEPHONE (612) 483-6741 
CABLE: CARDIAPACE, ST. PAUL/TELEX 98-7049 
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ies, treating the hears ills has been the Subtest of 
oday, evaluating a drug for chronic angina 
3 involves the art of medicine as well as its science. 


more than a decade of clinical experience, 
ounding | both science and art, Persantine has often’ 


n found useful in the long-term management of chronic 
gi na pectoris.* It may: 


minate or reduce the frequency of anginal attacks | 


prove exercise tolerance 


ce nitroglycerin requirements 


ough; long enough —The recommended dosage: 
i.d: at least one hour before meals for several 


ne iof. a series of paintings of 


; ted paintin ngs. arid draw: 
E of uncommon luminosity 
ynamism. His works; 
by ptofound emotions 
ining power of expres-- — 
ada deci isive influence 
of modern painting. 


sified the indi cation e fol iow 


"Possibly" effective: For | long- -ter 
apy of chronic angina pectoris.. 
Prolonged therapy mai reduce th 
quency or eliminate 


| sodes, improve exer 


reduce nitroglycerin requi ements 


anginal attack. 


Final classification of the | less: aih i 
‘effective indications Teques furth 
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CONTRAINDI ICATIONS — No speci 
indications are known. : 


PRECAUTIONS — Since excessive sdo 
produce peripheral vasodilation, the drug. 
should be used oRutiousiy i in pati ent 
hypotension. : 


ADVERSE REACTIONS — Adverse real 
are minimal and transient at recomm 
dosages. Instances of headache, dizz 
nausea, flushing, weakness or syncop 
gastrointestinal distress and skin tas 
been noted during therapy. Rare cases 
what appeared to be an aggravati 

gina pectoris have been reported 

the initiation of therapy. On thos 

mon occasions when adverse re. 

been persistent or intolerable, w 
drawal of medication has been foil 
promptly by cessation of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATI iON 
ommended dosage i$:50 mg. (2 ta 
three times a day, taken at least on 
before meals. In some cases high 

may be necessary but a significan: 
creased incidence of side effects is as 
ciated with increased dosage; Clinical 
response may not be evident before th 
ond or third month of continuous therapy 
For complete details, please see: the fui 
prescribing information... 
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Boehringer. Ingelheim 


Boehringer Ingelheim Ltd. 
Etmsford, N.Y. 10523 ^ 

























‘formance The Parametron 7000 — : |: available. This program together * 
tems advarced solid-state circuitry S | with Roche nationwide. service - 
les extremely accurate monitoring over a wide | | N assure continuous. Fell able 

| gefor all patients... adult, pediat- operation. 
,.even-under adverse clinical con- 
d line voltage capability (85-135V) 
i errupted, monitoring. even during 















extended flexibility Stylist 
Paremetron 7000 Monitorsare com- 
pact, lightweight. designed for easy 
portability and ease of use. They 
can be cart- or wall-mounted. , 
or placed on a table top. : 
Single-function controls and : 
highly legible digital dis- ^. 
plays enhance operabil- : 
ity. Plug-in. modules . © 
> allow one to monitor. 
patients overa wide m 
range of clinical 
situations. 
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Design enables use 
asa discrete monitor, 
with Roche cen- 
"alized monitoring. 
and/or with 
computer-based 
intensive care 







systems. 
respiration/apnea module M 
AM tic quality ECG waveforms for long- Wide range of depth of respiration, rapid recovery - 
ring. Has two operating modes, normal from high-level artifact and respiration rate measure- 
with automatic situ: The diagnostic ments from 0 to 150 B/M, with separate apnea detec- 


tion circuitry. 


temperature monitor module TUE 
Monitor rectal, esophageal or skin temperatures over QUE 
the range of 0° to 42°C. An accurate stable three- — o 
digit display of the measured temperature over the. P 

wide range required for patients in induced hypo or ^... 
hyperthermia as well as skin temperature measure- o < 
ment. ERS 


The Parametron 7000 Patient Monitoring System is 
designed for patient safety, reliable operation, in- ree 
creased accuracy and flexibility in a compact, practical... 
system. All backed by Roche nationwide service. For... 
more information, write for literature: Or phone your. RU 
Roche representative today. =: 









| oic ELECTRONICS DIVISION. HOFFMANN : LA ROCHE INC., CRANBURY, N.J. 08512 - 








What does 100% pure - 
Orange Juice from Florida 
have that both these women need? 


Folic acid needs are increased by both preg- 
nancy and oral contraceptives. 

During the third trimester of pregnancy, the RDA for folic 
acid is twice the normal amount. Folate deficiency is 
common during pregnancy and is highly related to 
megaloblastic anemia with associated risks of hemor- 
rhage during delivery and abruptio placentae. 249. 
And, although an RDA has not been estab- \) 
lished for women taking oral contraceptives, 
evidence suggests that folic acid assimila- A 
tion may be decreased among these women. 

Orange juice appears to be a dime sc a 
and stable supplement for people needing 
additional amounts of folate. 


one 


Keys 
x. 


Orange juice is an unusually good source of folic 
acid. 
There are many rich dietary sources of folate. But cook- 
ing or processing, in many cases, can destroy up to 95% 
of the initial folate. Orange juice not only has a relatively 
high level of folic acid, it is a stable source. Its 
high Vitamin C content protects the folate from 
oxidation and no folate is lost during 
Roo. preparation since orange juice is not 
cooked. Also, the monoglutamic folate in 
Moo juice is the most easily absorbed 
form. Best of all, your patients will love the 
taste of delicious 100% pure Orange Juice 
from Florida. 


d 


FLORIDA ORANGE GROWERS 


©State of Florida, Deportrr 


ent of Citrus, 197 


SOURCE: The facts about orange juice in this ad have been taken from Dr. Richard R. Streiff's article, “Folate levels in citrus and other juices’ 


published in the December 1971 issue of The American Joumal of Clinical Nutrition 
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Cardio Beeper” -PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in 
terval and artifact, as well as confirma 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
lional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM. 
: ES i 


ae 
il pur] 
nal ECG tracing telephoned with 
CardioBeeper 
The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the CardioBeeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving 


You can immediately receive the 

telephoned data as a series of audible 

beeps” indicating each QRS complex 
or pacemaker spike. To receive a per 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper” 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a OT: 10e [T0] 21515] 0] 2 me 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Survival Technology, Inc 
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EITH COHN, MD, FACC Eight patients with chronic congestive heart failure (four w 
UR SELZER, MD, FACC myopathy and four with ischemic heart disease) underwent 
IARD S. KERSH, MD namic studies during acute administration of digoxin, giv 
ONARD S. KARPMAN, MD nously in two 0.5 mg doses 2 hours apart. Observations w« 
tA GOLDSCHLAGER, MD, FACC fore administration of digitalis (control period) and seriall 
for 4 hours after the first dose. Resting mean cardiac index 
nary arterial wedge pressure were as follows: 2.0 liters/m 
and 23 mm Hg (control period); 2.1 and 24 (at 1 hour); : 
2 hours); 2.7 and 19 (at 3 hours); and 2.3 and 20 (at 4 hours 
cise responses of mean cardiac index and pulmonary arteri | 
pressure in five patients were: 3.1 liters/min per m? and 36 
(control period); 3.2 and 33 (at 1 hour); 3.2 and 28 (at 
and 27 (at 3 hours); and 3.4 and 31 (at 4 hours). The pulmonai 
al wedge pressure remained elevated during exercise in all ca 
rhythmias were seen in five patients after administration 
digoxin. Hemodynamic improvement at 4 hours involving 
filling pressure and increased blood flow was observed in onl 
tients at rest and in one additional patient during exercisi 
rioration of cardiac function (elevated pulmonary arteria 
sure or decreased cardiac index) occurred 30 minutes a 
tration of digoxin in four patients, concomitantly with in: 
temic resistance. In six patients, a peak hemodynamic « effe 
1 to 1 1/2 hours after administration of digoxin, with part 
of initial benefit by 2 and 4 hours. 
; In previously performed studies observations. have sel 
From. the Division: of. Cardiolocy, Presbyterian 1 hour; the results of this 4 hour study suggest that, 
Hospital, Pacific Medical Center, San Francisco, cardiomyopathy or coronary artery disease and chronic 

Ma heart d ier acute dius" < does not decise: lea 
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upon a disease - 
-than upon a remedy. - 


- nda faithful observer with 
an eye of tolerable judgement 
- «eannot fail to delineate a likeness. 


The iatter will ever be subject 
to the whim, 

the inaccuracies and 

the biunder 

of mankind. 


William Withering, 1741-1799 


igation of the effects of digitalis on the heart 
ry system has been extensive but, in re- 
8 focused mainly on biochemical, cellu- 









een sali cem EAS current das 
ard to action of the glycosides in states of 








been a growing feeling that the net hemo- 
ffects of digitalis in patients with cardiac 
iy be less pronounced, and therefore less 























ication reports the results of a preliminary 
the hemodynamic action of digitalis in a se- 


ng pulmonary arterial wedge pressure and 
tput as clinically important measures of 
performance. The study group included pa- 
ith cardiomyopathy and coronary heart dis- 
patients with volume overload states or val- 
tenosis were studied. Thus, this investigation 
trates on à subgroup of the population with 
_ heart failure—those with relatively pure 
uscle dysfunction. Although our study in- 
all number of patients, trends of potential 
cal relevance are shown. 


Methods 


study group was composed of eight patients with 
‘onic congestive heart failure and sinus rhythm. All pa- 
ents were severely disabled (New York Heart Association 
functional class HI or IV). In four patients, congestive fail- 
ure was due to cardiomyopathy (idiopathic in one, alcoholic 
| three), and in four to coronary artery disease; the pa- 
ents ranged in age from 40 to 67 years. Two of the pa- 

s with coronary artery disease had general myocardial 

tion with associated localized dyskinetic segments. 
eight patients had generalized cardiomegaly. Six had 
previously jebeived any. digitalis preparation, and two 














udy. The patients were in a rela- 


<The formeri isin the haps of Nature 


eof study i in that no significant — ‘Buroughs-Weltorie Compe: 





the clinical state. At the tine “of st all p 
ble sinus rhythm without arrhythmias. Serum electrolytes 
were normal. 

In patients with cardiac failure not vredy taking di 
talis, we frequently administer digoxin intravenously dur- 
ing diagnostic hemodynamic studies to determine whether — 
the drug is of benefit and thus therapeutically warranted. 
However, data obtained from such patients prior to this ' 
study were not included, mainly because the observation 
periods were shorter than the 4 hours used in this study. 
All patients were observed in the fasting, nonsedated state, ; 
and each patient served as his own control. uu. 

Right heart catheterization was performed using. no: 7 Te 
Swan-Ganz flow-directed catheters; arterial pressures were 
monitored using polyethylene cannulas introduced percu- - 
taneously through a brachial artery. Cardiac output was . 
determined using the Fick formula. Measurement of sys- 
temic arteriovenous oxygen difference, cardiac index, pul- - 
monary arterial, pulmonary arterial wedge and brachial ar- 
terial pressures, pulmonary and systemic resistances and. : 
heart rate were made at rest and during 4 minutes of su- 
pine ergometer exercise at 150 kg-m or 250 kg-m. (control 
period). Three patients were too ill to perform exércise. In- 
all patients, slow “keep- -open” intravenous drip infusions of 
5 percent dextrose in water were employed throughout the. 
study period. Since the usual volume of fluid administered 
did not exceed 500 ml, the patients received only 1 to 5 cc. 
of fluid/min; estimated blood loss was 150 to 300 nil. l 
Hence, changes in vascular volume were minimal, es 

Digoxin, 0.5 mg,* was administered intravenously at zero. 
time (period 1) and again exactly 2 hours later (period: 2). E 
Hemodynamic data were obtained at 30 minute intervals = 
with the patient at rest, and at 60 minute intervals in the 
five patients performing exercise at the work load achieved... 
in the control period. The electrocardiogram was moni- 
tored continuously throughout the 4 hour study period. 
The time of administration of the second dose of digoxin: ’. 
was considered optional in the initial studies since we were = 
assessing the duration of the hemodynamically significant. 
action of a given dose. However, it became apparent that 
by the end of the 2 hours (period 1) most blood pressure 
and flow values were returning to control levels; thus, in 
the study proper, all patients received their second intrave- ' . 
nous dose of digoxin 2 hours after the first. In five patients 
serum digoxin concentrations were measured by radioim- 
munoassay techniques before and at 30 minute intervals 
after administration of the drug. None of the eight. patients . 
had complications other than transient self-limited ar- 
rhythmias not requiring intervention. i 

No attempt was made to study a similar group of pa- — 
tients receiving a placebo, because the long observation pe- 
riod was considered unwarranted in sick patients for whom 
no pharmacologic intervention was planned. 

Results 
Development of Arrhythmias 


In five patients, all with stable sinus Ayiki b before d 
study and during the control period, transient ar- . 
rhythmias mevelined during the investigation, ap- — 






























~ Lanoxin* in 2 ec ampoules (0.25 malec), Kindy suppl by te 5 








an e Data at Rest Before and After Intravenous Administration of Digoxin 






` Time (minutes) 
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ligoxin, 0.5 mg, was administered at the end of the control period and at 120 minutes. 
'elopment of atrial fibrillation at the end of 120 minutes. 
| == cardiac index (liters/min per m?); PAW = pulmonary arterial wedge pressure (mm Hg). 
















! aring only after digitalis had been given. In Case 1, TABLE I! ; 
j 'emature ventricular beats occurred within the first Hemodynamic Data During Exercise Before and fte: 
.30 minutes of each of the two intravenous bolus in- intravenous Administration of Digoxin | 
jections of digoxin; the arrhythmia disappeared by 
the end of 1 hour. In Case 2, atrial premature beats 










Time (minutes) 







































d to an isolated paroxysm of atrial fibrillation after Control 60 120 
the first exercise period. In Case 3 short bursts of 
junctional and ventricular tachycardia and first de- Case 2 
gree atrioventricular (A-V) block developed. In Case CI 3.4 35 0% 
5 atrial and ventricular premature beats were evident PAW 53 57 
throughout the 1st hour, with runs of ventricular bi- Case 4 ee 
geminy; at the end of 2 hours, the onset of sustained ci 2.1 3.2 2.7 3.0. 
atrial fibrillation precluded further participation of PAW 33 30 29 6 
<- this patient in the study. In Case 8, first degree A-V ease 6 Ps = 
block with ventricular premature beats developed; M z E zt aa 
~ the latter, although persisting throughout the study, Case 7 
did not exceed a rate of 5/min. Ci 33 30 3.4 
EUN PAW = 29 28. 030 


‘Hemodynamic Performance: Flow and Pressure Data 


patient. had entirely normal hemodynamic |. 
ents (Tables I and II). At rest, five hada > 


* Patient too disabled to exercise e thè requi od i 
index (less than 2.5 5 liters/min per. m?) i 


bbreviations as in Table ko 








. PAWP (mmHg) - 
ease 1 450 
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‘Cardiac index (Cl) and pulmonary arterial wedge pressure 
plotted for three patients at contro! and hourly after the 
f digoxin, 0.5 mg intraveaously; the second dose of di- 
as administered at 2 hours. Moteworthy is the tendency of 
mic changes to disappear 2 hours after each dose. Also 
Ww is the fnesqomess of some of the hemodynamic changes. 
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“CONTROL . A HRS CONTROL 4 HRS 


s | FIGURE 2. Cardiac index (Cl) before and 4 hours after digitalization 
cat rest (eight cases) and during exercise (four cases). The numbers 
efer to the individual cases. Increases in resting cardiac index were 






“stantial (400: cc/min per m? or more) in three. During exercise, im- 
provement in cardiac ind 
;dotted line indicates 

E are the mean values or the gr 









“abnormally wide arteriovenous 


S maintained at the end of 4 hours in five: patients; these were sub- _ . : 


; was maintained in only two patients. The —.— 
al resting. cardiac son the n men wt E 


d arte 
wedge pressure (exceeding. 12 mm Hg) and hadan - 
xygen | difference. ; 

(greater than 4.5 volumes percent). During exercise, 
all patients had an inappropriately low cardiac index 
and elevated pulmonary arterial wedge | pressures. l 


Period 1 


Rest: Thirty minutes after the first mmn 
bolus injection of 0.5 mg of digoxin, cardiac index was 











increased in three patients (Cases 1, 4 and 5), but de- 
creased in four, particularly in Cases 2 and 3; in. one . - 
(Case 6) there was no change (Tables I and II). By 


the end of the 1st hour, four of eight patients had an 
increase in cardiac index, one a decrease and three a 
change of 10 percent or less. 

Two patients (Cases 2 and 7) had a märked in- 
crease in pulmonary arterial wedge pressure in the 
lst hour; substantial reductions in wedge pressure . 


were seen in only two (Cases 1 and 8); the remaining - 


four patients had insignificant variations from. the. a 
control level. PUR 
At the end of period 1, two hours after injection. of k 
digoxin, the hemodynamic changes tended to dissi- | 
pate (Table I, Fig. 1). Only two patients (Cases 1 and 
5) had sustained increases in cardiac index, and one - 


(Case 7) had a significant reduction. The remaining _ 
five patients had no important change from control 
values 2 hours after administration of digitalis. Pul- ^ 


monary arterial wedge pressure, similarly returning z 
toward control values, remained improved in only > 


three patients at the end of 2 hours and stayed mark- 


edly elevated in one (Case 7). In two patients (Cases: 
2 and 7), an initially normal pulmonary arterial — 


wedge pressure became abnormally elevated after di- —. 
goxin. Both of these patients had a concomitant rise 


in total systemic resistance associated with a de- | 
crease in cardiac index. In Cases 1, 4 and 8, the initial |. 


reduction in wedge pressure was not maintained . 


(Table I). Js 
Exercise (Table II): In one patient (Case 4) with 25 
an initial increase in cardiac index during exercise 


compared with predigitalis levels the improvement. 


was maintained at the end of 2 hours. In the other _ 
patients, the changes in cardiac index during exercise. 


were inconsequential, never exceeding 6 percent: in im 


any direction. 


Pulmonary arterial wedge pressure was substan: Pr 


tially reduced in only one patient (Case 8); the im- 
provement was sustained for the 2 hour period. Inthe . 
other four exercising patients, changes in this vari- 


able were insignificant. Al patients showed per- a 


sisting impairment in exercise performance after ade: 5 
ministration of digitalis. fe 


Period 2 
Rest: Within 1 hour after the second bolus i inj 


.. tion of 0.5 mg of digoxin, two patients (Cases 1 and 6) 3 


had increased cardiac index compared with control 


.. levels, one had a decrease (Case 2) and the remaining 
. five had no significant change (Tables I and ID.How- * 
2 ever, at the end of 4 4 hours, five of s seven patiente had > 





EXERCISE © 


i i [AR NEU 
= CONTROL 4HRS CONTROL 4 HRS 
'IGURE 3. Pulmonary arterial wedge pressure (PAWP) at rest (eight 

cases) and during exercise (four cases) before and 4 hours after dig- 

italization. The dotted lines indicate our normal values, and the 
£ avy bars the mean for the group; the cases are individually num- 
ered. Wedge pressure varied after digitalis administration, with only 

three. patients sustaining a lower pressure. In one patient (Case 7), 

“an initially normal wedge pressure became abnormally elevated 
fter digitalis. During exercise, wedge pressure continued, substan- 

elevated above the normal range, although improvement in this 
i riable occurred in three of the four patients. 


icrease in cardiac index, the average of the entire 

p being only 200 cc/min per m? (range —400 to 

'00) (Fig. 2). In one (Case 3) cardiac index was re- 
luced, and in one it was essentially unchanged (Case 
6) (Table I, Fig. 2). In two of the five patients with 
improved cardiac index, the maximal increment oc- 
curred at 3 hours but was partially reversed at the 
end of 4 hours. Pulmonary wedge pressure remained 
^ lower than control values.in three patients (Cases 1, 3 
and 4) but had risen above control levels in two 
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FIGURE 4. The relation of resting pulmonary artérial wede 
(PAWP) and resting cardiac index (Cl) 4 hours after digi 
seven cases. A net improvement in hemodynamic. respon 
be indicated in the lower right of the figure, reflecting & rise. 
ac index with a concomitant reduction in pulmonary arteria 
pressure. This occurred in only two patients. The five ri 
tients had variable responses, characterized by an inen 

ac output but elevation of filling pressure, or a reduction 
accompanied by no change in or decrease in wedge pre: 
cases are individually numbered. 


(Cases 7 and 8) and was unchanged in two (Ta 
Fig. 3). Only two patients manifested both 
ment in cardiac index and a reduction in p 
wedge pressure after 4 hours (Cases 1 and: 


changed at 4 hours. 
Exercise: Four patients exercised at th 


both cardiac index and DRA rien 


pressure (Cases 2 and 4), one had no change 
variable and one had a substantial redu. 


exercise pulmonary arterial n De Cang 
23 to 48 mm Hg) (Fig. 3). ; 


3.0 


Cl (L/min/m?) 
» 
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f normal of 40 units, sham cad eg = 











n Systemic Vascular Resistance - 








































80 to 60 minutes after drug adminis- 
duction in resistance occurred in four pa- 
reases in resistance were seen in four (Cases 
8), each having a concomitant reduction in 
ia output. In two patients (Cases 2 and 7) an ab- 
mal increase in left atrial pressure coincided with 
increase in systemic resistance. 


rum Digoxin Concentrations 


The early digoxin half-time was 41 minutes (range 
to 58) during period 1 and 51 minutes during peri- 
Coe 27 to 1). 





Discussion 


dealing with the action of digitalis in pa- 
h sinus rhythm, in which the dromotropic 
controlling ventricular rate in atrial fibrillation 
ed, have demonstrated that a positive ino- 
ffect. can be consistently shown in normal 
ts, in patients with cardiac disease without 
tive failure and in patients with overt cardiac 
lowever, this increase in inotropic state has 
monstrated by using a variety of indexes of 
lar contractility, such as direct measure- 
myocardial contractile force in the exposed 
eart,? measurements of the rate of rise of left 
‘ular pressure? or changes in systolic time in- 
‘Differentiation must be made between in- 
.ventricular contractility, which are consis- 
; improved by digitalis. and overall cardiac per- 
ance as expressed by left ventricular filling pres- 
id cardiac output; the effects of digitalis on the 
variables are by no means clear.!? Hence, the 
quent assumption that increased force of ventricu- 
"contraction is equivalent to improved cardiac 
mping performance i is not only unwarranted, but 
; been shown to be incorrect by several studies20-24 
e action of digitalis in the normal heart. Thus, in 
ormal and hypertrophied but nonfailing heart, 
gnificant improvement in cardiac function is de- 
itrable.25 In acute cardiac failure due to myocar- 
nfarction and in cardiogenic shock, results of 
lis administration have also been unimpressive 
suggest that no substantial clinical benefit is 
to accrue.!9-13 In chronic cardiac failure, im- 
|. cardiac performance has been demonstrated, 
ough the magnitude of improvement has not 
een pectacular. 19 Data reviewed by Selzer and 
A. org'® from all studies before 1962 revealed 
t in two thirds of 132 patients, acute digitalization 
ased cardiac output by at least 15 percent; in the 
ining one third no benefit was demonstrated. 
-Prior investigations concerning the hemodynamic 
ect of digitalis were performed acutely, with obser- 
ations made from 30 to 60 minutes after intravenous 
dministration of a single dose: Heretofore, no obser- 
ations on the exercise-stressed heart in congestive 
ailure have been made. This study, then, differs 





Sees from. previous ones in Several im ortal . 
-Serial hemodynamic determinations were extended — ; 
for 4 hours after the initial dose of. the drug: (2) the 





ents evidence of changes | in total yE 


; A in exercise function: 


espects: o 


usual intravenous dose was divided in half and ad- 
ministered at two hourly intervals; (3) exercise was : 
performed hourly by five patients, before and. after 


each dose; (4) serial determinations of serum digoxin — 


levels, measured by radioimmunoassay technique, 


were correlated with the hemodynamic responses. NS 


All patients selected for study had severe chronic. 
heart failure and a clinical classification of functional 


class III or IV. Resting hemodynamic measurements. o 
were grossly abnormal in five patients; the remaining 


patients showed marked functional impairment dur- ` 
ing exercise. The study focused on only one portion 
of the population with chronic congestive failure: pa- 
tients with pure severe myocardial (muscle) disease 
due to cardiomyopathy or coronary artery disease. 


We specifically excluded patients with valvular re-. . 


gurgitation or stenosis and hypertensive heart. dis- 


ease, since mechanical factors in such patients con- 


tribute to the cardiac dysfunction and complicate the: | 
responsiveness to drug therapy. Conclusions. from 
this study therefore must not be subjected to over- 


generalization and should be restricted to the type of. 


patients under consideration. 


Effects of Digitalis on Performance of the Failing Heart 


The principal yield of this study is the clear dem- 
onstration that digitalis does not result in predictable 


and consistent improvement in hemodynamic perfor- = 


mance in patients with cardiac failure, in contrast to 
the easily demonstrable inotropic effect on isolated 
indexes of ventricular contractility. The variability 


and transient nature of the results, when observa- gos 
tions are extended over a 4 hour period, are readily — 


apparent, and the following points are noteworthy: 
1. Significant sustained improvement in resting 


cardiac function (substantial increments in cárdiac _ 
output combined with significant reductions in ven-. ` 


tricular filling pressure) was observed in only two pa-: 
tients (Cases 1 and 4) after administration of digital- 
is. In one patient (Case 6) performance was un- 
changed. In the remaining patients one or the other - 
of these variables, but not both, showed some im- : 
provement. In three cases, either filling pressure or- 
cardiac output was worse at the termination of study. © 
Although a placebo-treated group could not be incor- 

porated into the study, we believe that it is theoreti- 


cally justifiable to have each patient serve as his own _ 

control when the clinical state is stable. Moreover, if ^ 
a more potent drug effect than was seen here were — 
present, it should be readily apparent whether or not EN 


placebos are used. 

2. Of the five patients exercising, all poatinued. to: 
have abnormally increased ventricular filling pres- 
sures (pulmonary arterial wedge pressure) and most 
had inadequate rises in cardiac index after adminis- 
tration of digitalis; however, three. patients had. some 


. A hemodynamic response to digitalis was shown & 


























f the drug; however, by the end of 2 hours after 
ch administration, there was often partial or total 
ss of the initial benefit (Fig. 1). 
; Acute deterioration of cardiac function was ob- 
ed i in four patients (Cases 2, 3, 7, and 8); this ef- 
ccurred most frequently early (within 30 to 60 
utes) after administration of the drug and was 
transient. It coincided with increases in systemic vas- 
cular resistance and may well have represented in- 
":etances in which the pressor effect of digitalis over- 
came its beneficial effect upon cardiac performance. 
. Acute pulmonary edema after administration of digi- 
-talis has been ascribed to this action.?6 
^5. Arrhythmias developed i in five patients who had 

stable sinus rhythm prior to digitalis administration. 
-o "It is unlikely that these were catheter-induced since, 
«4 once the Swan-Ganz catheter had been placed in the 
main pulmonary artery, no further manipulations 
ere performed. None of the arrhythmias were life- 
threatening, although they could potentially have 
had.a deleterious effect upon hemodynamic perfor- 
mance. A direct relation between arrhythmias and 
deterioration in myocardial function was not estab- 
lished: Patients with temporary deterioration did not 
manifest arrhythmias when pressure and flow mea- 
irements were made. 
‘6. Serum digoxin assays showed that the initial 
isappearance times (tissue distribution phase) were 
milar to those obtained in a previous study.?? Both 
je maximal hemodynamic effects and the arrhyth- 
ias were observed during the early phase, before 
blood- tissue equilibrium occurred. 











































Clinical implications 


© It would be presumptuous to suggest a revised 
. theory of the effect of digitalis upon the failing heart 
on the basis of this small series with the demon- 
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| ated variability of indir Ne 
` fact that the results are unpredictable and 





me e patients, with ink Teprovéinént i in | cardiac. i i 
ut occurring 1 to 1 1/2 hours after administra- © 


tion to them and to challenge the oversimp 
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ger and transient makes it important to d 


of digitalis as a consistent and reliable 
agent. The following points. require Teempl 
further investigation: 

1. Previous hemodynamic studies of the el 
digitalis on cardiac function were. based. on 
term observations that may have recorded tem 
initial improvement rather than final effect 

2. The demonstrated inotropic effect of 
may not be consistently translated int 
pump performance for several reasons: f. 
pressor action of the drug or regulating mec 
(such as Starling's principle or change in 
amine milieu) may reduce the effectiveness « 

s; (b) digitalis is a relatively weak inotrop 

DU less potent than drugs such as beta adi 
stimulators?5; and (c) defective or inho 
uptake or binding of digitalis by the disea 
may result in an evanescent drug effect 

3. The widely held view?29-?! that digi: 
vasopressor effect in the nonfailing heart t 
peripheral resistance in cardiac failure b 
cardiac performance and thus relieving re 
constriction was shown not to be consistent: 

4. Development of arrhythmias early af! 
dose digitalization suggests that digitali: 
tests such as the acetylstrophanthidin test 
interpreted cautiously. It is clear that stand; 
doses of digitalis in the undigitalized p: 
provoke arrhythmias in the diseased heai 

A great deal of further investigation into 
of digitalis upon cardiac function in heart. 
various origins is needed. In particular, tht 
digitalis in patients with valvular stenos 
petence must be assessed. Until móre i 
available, and in view of the high toxi 
this drug, its clinical use should be carefully igl 
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A dose-response relation between cardiac glycosides and $ 
intervals has previously been established in short-tei 
which the glycoside was administered intravenously. In 
there was uncertainty regarding the steady state kinetics, 
nance of the early serum levels would have resulted i 
cordingly, we studied the effect on systolic time intervals 
crements of serum digoxin within the therapeutic range. Ser 
concentration and systolic time intervals were measured 
receiving 0.25 mg of the glycoside daily. The daily dose wa 
to 0.5 mg and measurements were repeated 5 to 7 day 
digoxin concentration with the smaller dose was 0.56 
error) 0.06 ng/ml and increased to 1.18 + 0.11 ng/ml wit 
dose. Associated with the increased serum digoxin was 
crease in duration of total electromechanical events of 

(P <0.025), which resulted from a mean pege of I 


digoxin concentration or systolic time intervals. In nine e patier 
goxin dose was randomly varied between 0 and 0. 75 mg and n 
ments were made 4 to 5 days after drug administration at ea 
level. The correlation coefficient between changes in se 
and changes in left ventricular ejection time was —0.55 (P 
data indicated that increasing the maintenance dose of digo 
keeping the serum level within therapeutic range will result 
ventricular function as assessed by determination of syst 
tervals. 


A dose-response relation between cardiac glycosides and 
assessment of ventricular function by measurement o 
intervals has previously been demonstrated in man 
these studies had two defects. First, they were short-t 
which the glycoside was administered intravenously and th 
was uncertainty regarding the steady state kinetics of the dr 
ond, the assumed or measured glycoside levels were o 
than 2 ng/ml and, had these levels been maintained, i 

have resulted since a serum concentration above 2 ng/. 
agreed to be associated with toxicity.>¢ Accordingly we 


- this study í to determine. whether small increments of | 







































xh A nae the study. Six were classified in 
Association functional class Il and four in 


u aient, 8 had chronic coronary ar- 
ectrocardiographic evidence of an old 
tion; 3.of these 8 also had hypertension. 
were classified in functional class II and 
'Fhe remaining three patients had hyper- 
t obvious coronary artery disease; two of 
in functional class II, the third in class IIL 

hese patients the oral dose of digoxin was ran- 
between 0 and 0.75 mg/day, and serum digox- 
n and systolic time intervals were measured 
er drug administration at each dose level. 
were performed at least three times in these 





aily variation in serum digoxin concentra- 
ents were performed on two different occa- 
trol patients receiving the same maintenance 
al between measurements ranged from 5 to 
irteen of the patients were receiving an oral 
dose of 0.25 mg daily and five a dose of 0.5 mg 


a 


i age ot this group was 56.6 years (range 38 to 
The functional status ranged from class I to III, 
ttients.in class I and three in class III. The 18 
variety of cardiac disorders: 8 had an old 
farction, 5 had hypertension, 3 aortic valve 
mitral valve disease. 


Ze WY 









group of patients with akra infarction. because their — 
clinical status had not changed between the two measure- | 


ments of systolic time intervals. The five remaining pa- i i 
tients of this group had chronic ischemic heart disease and- =- 


electrocardiographic evidence of old infarction; in these 


five, 7 days elapsed between measurements of systolic time um 


intervals. 


The average age of this group of 22 patients was 59.2 Ss 


years (range 35 to 76 years). Two patients were in function - 
al class IV, 8 in class ITI, 10 in class II and 2 in class I. AD 
patients had sinus rhythm. z 
Serum digoxin was measured by the radioimmunoassay Hi 
technique and all measurements were performed 24 hours 
after the last dose in patients receiving a single daily dose. 
In patients receiving a divided dose, the determination was- 
performed at least 10 hours after administration of the last 
dose. 


Ventricular function was assessed by the external mea- nd 
surement of systolic time intervals. This method, using the > 


phonocardiogram, electrocardiogram and an external ca- 


rotid pulse measurement, allowed determination of the du- 
ration of total electromechanical events (Q-S5), left ventric- =- | 


ular ejection (LVET) and the preejection phase (PEP). All 


measurements were corrected for changes in heart rate. 


using the regression data of Weissler et al.” Measurements 
were made on a Siemens Minograf 800 at a paper speed of 
100 mm/sec. 


Results 


Table I indicates the mean and standard error of | 
the initial values for systolic time intervals in the ex- 
perimental and control groups. The initial values 
were similar in both groups. A 

Systolic time intervals and 0.25 vs. 0.5 mg of i 
oral digoxin: Figure 1 illustrates the changes in sys- 


tolic time intervals and serum digoxin concentration _ 


associated with the increase in the oral digoxin from > 


10-0 


5-0 

o 

© 

[^ 

E 

FIGURE 1. Changes in serum digoxin (À Dig.) E 

y) concentration. and systolic time intervals {A< 

«4 S.T...) Open bars represent mean: values: for. m 
-5.0 subjects in the experimental group whose dose’. 

5 of digoxin. was increased from 0.25 to 0.5 mg > 


daily. Hatched bars represent n 
control bien whose dese of des 


: preojoctión pios. OS: 
_tromechanical events 































25 mg to 24 me n the orperinatél group. The 


control subj cts are also shown. 
all subjects in the experimental group, the 
-digoxin concentration increased with a larger 
dose. The mean serum level with 0.25 mg was 
.56 + 0.06 (standard error) ng/ml and with 0.5 mg 
was 1.16 0.11 ng/ml. The mean increase was 0.63 + 
).09 ng/ml (P «0.01). The control group had an insig- 
ficant rise of 0.11 + 0.06 ng/ml (P 20.2). The dif- 
ference between the two groups was significant (P 
«0.01).- 

| In association with the increase in serum digoxin in 
e experimental group there was a decrease in the 
luration of total electromechanical events (Q-S;) of 
:3 + 29 msec (P «0.025). The control group demon- 
strated an insignificant increase in Q-S2 of 1.1 + 4.0 
msec. Although paired data analysis in the experi- 
ental group showed a significant decrease in Q-S; 
the difference between the two groups was not statis- 
ically aignificant (P »0.05). This was probably due 

to the variability in the data in the control group. 
_.. The decrease in Q-S_ in the experimental group 
was due to shortening of the left ventricular ejection 
me since the differences in preejection phase were 
ot significant. The mean decrease in left ventricular 
jection time for the experimental group was 5.6 + 
:9.0 msec (P. «0.05); the control group had an insignif- 
t increase of 2.8 + 2.1 msec. The difference be- 
en the two groups was significant (P «0.05). The 
n decrease in the preejection phase of 1.1 + 2.1 in 
ex»erimental group was not significant (P >0.2). 


FIGURE 2. Changes in left ventricular 
ejection. time (A LVET) plotted 
against. changes in serum digoxin 
concertration in nine patients whose 
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> daily digoxin dose was varied be- 


s ‘tween O and 0.75. mg. Positive incre- 


ments in serum digoxin are plotted to 


. the right of the zero axis on the ab- 
scissa and negative increments: are 
f tted to the left. Positive and nega- 
-tive increments. in. left - ventricular 

jection Time. are plotted upand 


n the ordinate. The solid line 
nts the didi line and the 
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TABLE E 


Initial systolic Time intervals (msec) i in Experiment 
and Control Groups l 





aic » 





Q-S, 

LVET 

PEP 107.853, 7.4 7 
PEP/LVET 0.452 £ 0.026 





the experimental group was 0. 004 + 0. 013 and 
control group was —0. 021 + 0. 015. 


ventricular ejectión time associated with: ch 
serum digoxin concentration in the nine 
whom the oral dose of digoxin was varied. 

and 0.75 mg daily. It was observed that:an increa 
serum digoxin was associated with a decrea: 
ventricular ejection time and a decrease in ser 
goxin concentration resulted in lengthenin 
ventricular ejection time. The correlation 

was —0.55 (P <0.01). The linear equation € 
these data was y = 0.19 — 7.78x. 
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ologi effects Tias been stated by other investi- 
.89 With specific reference to administered gly- 
le and systolic time intervals, the shortening of 
entricular ejection time and preejection phase 
s been demonstrated after the intravenous admin- 
ration of cedilanid-D.!^ Shortening of left ventric- 
jection. time alone has. also been observed after 
ravenous administration of digoxin and digitox- 


A of these atudies were short-term investigations 
| suffered from two defects. First, it is unlikely 
at the distribution kinetics of the glycoside were in 
vady state. Second, the blood levels shortly after 
travenous administration of digitalis were all 
er than a patient could tolerate on a long-term 
s. Our data have shown that left ventricular ejec- 
e was shortened in association with small in- 
$ of serum digoxin concentrations and at levels 
vere below 2 ng/ml. Systolic time intervals were 
sured 5 to 7 days after increasing the digoxin dos- 
d, on the basis of data of others,!! this 
De suffi cient time for steady state kinetics to 





cance of shortening of left ventricular 
tio time by digitalis: The significance of this 
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: considered. This measuremen 





rate, stroke volume and contractile state. 
were corrected for heart rate using the regression 








data of Weissler et al.’ Although stroke volume was — 
not measured in our study, it is unlikely that stroke 
volume decreased in association with the rise in 
serum digoxin concentration. It is suggested that the 


shortening of left ventricular ejection time reflected 
an improvement in contractile state. 


Weissler et al. have stated that the effects of heart 
failure on systolic time intervals are rarely complete- 
ly reversed by cardiac glycosides, and it would appear- 
that in our patients with heart failure, small increases 


in serum digoxin had a greater effect on factors con- 


trolling left ventricular ejection time than on factors 


affecting the preejection phase. 


Clinical implication: Our data suggest that serum. 
digoxin concentrations reflect myocardial levels and — 
that there is some hemodynamic benefit in raising. 
the serum digoxin concentration within the thera- 
peutic range. The concept of an “optimal” serum. 
level has been studied previously by Redfors.® On the ` 


basis of subjective symptoms, physical work capacity 


and ventricular rate at rest and during exercise he. 


found the “optimal” dose of digoxin to be 0.43 mg/ 


day and this resulted in a serum digoxin level of 1.1 


ng/ml. Our data using systolic time intervals are in 
general agreement with his. 
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is affected by. heart : 
All data- 











c hocardiographic Studies of Left Ventricular Wall Motion 
nd Dimensions After Valvular Heart Surgery 










RY W. BURGGRAF, MD, CM* Echocardiograms obtained from 50 patients after valvular hea 
T CRAIGE, MD, FACC gery (in 33 cases within 2 months of the procedure) were exami 
"- study patterns of interventricular septal motion and left ventricu 
IOL Hi North Carolina mensional changes. Preoperative echograms were available 
cases. Before and after mitral commissurotomy septal motio 
ventricular diameters as well as the percent systolic qiie. of 
























creases in end-diastolic and end-systolic diameters, sepul n 
percent systolic shortening of the left ventricular diameter. S. 
synergy, defined as paradoxical motion or marked. hypokines 
seen within 2 months of operation in 91 percent of patients aft. 
valve replacement and in 42 percent after mitral valve replacemen' ot 
subjects studied more than 2 months postoperatively, none wi 
valve replacement and only 33 percent with aortic valve repla 
manifested septal dyssynergy. After valve replacement for aor 
mitral regurgitation there were significant decreases in end- 
diameter, septal excursion and total and percent left ventricu 
ic shortening. Two subjects not having valve replacement a 
strated paradoxical septal motion postoperatively. The cause 
dyssynergy after valvular surgery was not apparent although t 
cardiopulmonary bypass was an essential condition. : 
We conclude that echocardiography can be utilized to fo 
changes in left ventricular wall motion and dimensions after sur 
valvular heart disease, and that it may be of value in assessing 
early and late postoperative results. =: 












































Evaluation of left ventricular size and wall motion is of impor 
assessing the results of mitral and aortic valve surgery. The hem 
namic consequences of valvular heart surgery have been extensive 
studied,!~ but angiographic evaluation has been limited.^? Informa- 
tion on left ventricular function can also be obtained by echoca 
ography, 78 a noninvasive procedure that can be repeated 
causing morbidity, thus making it eminently suitable for ob 
BUS serial measurements in patients with valvular heart disease. 
> From the Cardiac Graphics Laboratory, Depart- The purpose of this study was to determine the postoperati 
<. ment of Medicine, North Carolina Memorial Hos- ventricular echocardiographic patterns in patients treated surg. 

































pital, University of North Carolina, Chapel Hill, ttention was given i 
ASG: This tidy was süpported by a grant from for aortic or mitral valve disease. Particular atten as gi 


‘the North Carolina Heart Association. Manu- the incidence of paradoxical septal motion in these subjects a 2 DE 
script accepted September.4, 1974. viously noted but unexplained phenomenon.?:!© us 

* Research Fellow of the Ontario Heart Foun- I 
dation: Present address: Department of Medi- Material and Methods 
Hotel Dieu Hospital, Kingston, Ontario, 


RE bjects mcn 

ddress for reprints: Ernest Craige, MD, Divi- Subj oe 
Cardiology, North Carolina Memorial The echocardiograms obtained from subjects unidetgaitig valvular $ 

i, Chapel Hill, N.C. 27514. — — - in this institution from January 1972 to January 1974 : were reviewed. S n 







































no. with interval from Operation 





Preop and to Echocardiogram — 
Age (yr) Postop eres sects ilt o (n n e ee - 
E DM MERE Sex Echo- «2 mo. z:2mo. 
; Operation: GU no, Range Mean (M/F) cardiograms (no.) (no) (range in mo.) 
“AVR 19 23-57 44 12/7 10 u 9 3-108 
oo MVR : 17 13-62 36 11/6 10 12 5 11-67 
USSMC.: 1 25-60 38 1/10 6 8 3 3-44 
MP E 1 E 34 1/0 1 1 1 2 
SAC : 1 iad 20 0/1 0 0 1 48 
AC + MC 1 ON 13 0/1 1 1 0 0 
- Totals 50 13-62 38 25/25 28 33* 19* 3-108 . 





* The totals of 52 studied at < 2 mo. and > 2 mo. include 2 patients studied at both periods. 
AC = aortic valve commissurotomy; AVR = aortic valve replacement; MC = mitral valve commissurotomy; MP = mitral valvul oplasty; 
z= mitral valve replacement; postop = postoperative; preop = preoperative. 


y 1973 both pre- and postoperative echocardiograms have confused assessment of the effects of valvular surgery 
been obtained in most of these patients; previously itself. Because only nine subjects underwent coronary angi- 
few subjects were studied in this way. The study cid ography preoperatively, we cannot exclude the possibility 
include patients with clinical or hemodynamic evidence that some of the remaining patients had significant cofo- 
right ventricular volume overload or pre- or postopera- nary artery disease. The study also excluded patients with | 
undle branch block or myocardial infarction. multivalvular replacement since they had a high incidence 
rmalities have been associated with paradoxical rate of tricuspid regurgitation. With these exclusions there 
remained 50 survivors cf valvular heart surgery with post- 






arid-eyatolic diameter; AS = septal excursion; ECG = electrocardiogram; ESM = apc systolic murmur; LA = left atrium: MV = mi- 
u and MA = phosocardiagrams at aortic and mitral areas; PW = posterior wall; RV = right ventricle, S= = first heart sound: Ser, 








e echodérdiódtins of satisfactory quality for dder 


on of left ventricular dimensions and wall motion, 
quate preoperative. studies were available in 28 of these i 
cta. 


Table I presents the age and sex distribution of these pa- 
ents ‘and the timing of the postoperative echocardiograms 
rding to the type of surgery performed. Of the 19 pa- 
ith aortic valve replacement, 9 had stenosis and 10 
gitation as the dominant preoperative lesion. Aortic 
disease, chronic in all cases, was of various causes. 
y two patients had acute deterioration due to superim- 
posed | infective endocarditis. Three of 17 mitral valve re- 
placements were performed for dominant mitral stenosis. 
he remaining 14 patients mitral regurgitation was the 
most important lesion and in 3 was acute as a result of ei- 
er infective endocarditis or ruptured chordae tendineae. 
Mitral stenosis was of rheumatic origin in all but one pa- 
tient, who underwent aortic and mitral commissurotomy 
_ for congenital lesions. The single mitral valvuloplasty was 
rformed for acute mitral regurgitation due to ruptured 
rdae tendineae. A Starr-Edwards prosthesis was insert- 

ed in 11 cases and a Lillehei-Kaster valve in 25. 


iocardiograms were obtained with a Smith-Kline 
16-20. ultrasonoscope using a 5/8 inch wide Aerotech 
sducer focused at 7.5 cm and having a frequency of 2.25 
egahertz. In 12 early studies the echocardiogram and 
ectrocardiogram were recorded on Polaroid? film. In the 
ining 38, all performed since January 1973, echocardi- 
s were obtained with a simultaneous phonocardio- 
:and electrocardiogram using a Cambridge multichan- 
rip chart recorder. Two Leatham suction micro- 
“one at the base and another at the apex of the 
ere utilized. 
ously described standard techniques have been 
n this laboratory to examine left ventricular wall mo- 
and dimensions.7J? Subjects were studied supine with 
head and shoulders elevated to 15° and were rotated to 
30? right anterior oblique position if necessary to ob- 
lear echoes. Left ventricular diameters were measured 
m the septal to posterior wall endocardium at the level 
the edges of the mitral leaflets or just beyond. Figure 1 
shows a sean from below the mitral leaflets to the aorta and 
ustrates the technique used to determine the left ventric- 
' diameters at end-diastole (Dd) and end-systole (Ds). 
Dd was measured at the time of the peak of the R wave of 
electrocardiogram and Ds at the time of the aortic com- 
nent of the second heart sound or when no phonocardio- 
m was recorded at the minimal systolic separation of the 
tricular walls. Each measurement represented the 
'value obtained in three to five consecutive cycles. 
ecause the interventricular septum may normally ap- 
to have paradoxical motion when its high membra- 
nous portion is visualized,!? only records made in the stan- 
dard. position described were accepted for analysis. Septal 
"excursion (AS) was measured as the maximal anteroposte- 
; ior change i in position of the septum during systole relative 
to diastole (Fig. 1). Normal motion yielded positive values; 
negative value resulted when motion was paradoxical. 
l systolic: shortening of the left ventricular echocar- 
ographic diameter (AD) was determined as the difference 
een Dd and Ds. Percent systolic shortening, an index 
ion fraction, was (AD/Dd) - 100. Posterior wall sys- 
ion (APW) was. the difference between AD and 


N mal values (meen * 1 1 standard deviation). report à 














FIGURE 2. Diagrammatic illustration of the types of s 
observed in this study. ECG = electrocardiogram; PHONO 
cardiogram. A 


by McDonald and associates? are: Dd. = 44 + 31 mm, 
28 + 3mm, AD = 16 + 2mm, AS = 4+ 2mm, APW 
2mm and AD/Dd = 36 + 4 percent. Student’s pair 
was used for all statistical comparisons. 


Results 


Patterns of Septal Motion 


The observed patterns of interventric 
motion are diagrammed in Figure 2: Norm 
was present in all the preoperative echocardio 
There were three principal variations of pa: 
motion although some patients had interme! 
terns or more than one type. In some sub 
septum undulated during systole and dias 
less than 2 mm in a normal or paradoxical 
This pattern was designated hypokinetic. Se 
synergy will be used to refer to paradoxical or 
kinetic motion. 


TABLE 1i 


Septal Motion After Valvular Heart Surgery _ 


Septal-motion patter 


Type of Subjects 
operation (no.) 








AC + MC 





-H= = hypokinetic; N = normal; P = paradoxical; 
Other abbreviations as in Table !. : 








igures 3 and 4 are examples of simultaneous pho- 
nocardiograms and echocardiograms recorded in our 
subjects. Figure 3 demonstrates paradoxical motion 
in & subject 1.week after aortic valve replacement for 
aortic insufficiency. Figure 4 shows a hypokinetic 
septum 2 weeks postoperatively in a subject who had 
m ral valve replacement for a flail posterior mitral 


T ble II summarizes the incidence of various pat- 
f septal motion after valvular surgery. Echo- 
card iograms recorded within 2 months of operation 
vere classified as early, and 76 percent of these were 
obtained within 2 weeks of operation. Septal dyssyn- 
‘ergy was not seen after open or closed mitral commis- 
;surotomy but followed aortic valve replacement in 91 
rcent of early and in 33 percent of late studies. Mi- 
iral valve replacement resulted in a 42 percent early 
incidence of septal dyssynergy, but none of the late 
studies was abnormal. Of those with septal dyssyner- 

gy after aortic valve replacement, 61 percent had the 
paradoxical type, whereas 80 percent of subjects with 





FIGURE 3. Chronic rheumatic aortic regurgitation. Preoperatively (PRE) septal motion is hails directed. One week after aortic valve ears 
t (AVR) the septum moves paradoxically during systole. A? = aortic component of second heart sound; EDM = early diastolic murmur; LV = 
eft ventricle; PCG-PA = phonocardiogram at pulmonary area; POST-OP = postoperative; SEM = systolic ejection murmur. 
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septal dyssynergy after insertion of a mitral valve 
prosthesis had hypokinesia. Valvular surgery for both 
aortic stenosis and aortic regurgitation was followed 
by septal dyssynergy. None of the three patients with 
dominant mitral stenosis treated with valve replace- 
ment had a postoperative septal motion abnormality. 
Two of the three subjects who did not undergo valve 
replacement or simple mitral commissurotomy mani- 
fested paradoxical septal motion, thus indicating that 
insertion of a prosthesis is not a necessary condition 
for development of this phenomenon. Septal motion 
was normal at the end of the 1st postoperative week 
in two subjects who had ligation of a patent ductus - 
arteriosus and one who underwent complete acu of 
tetralogy of Fallot. 


Changes in Left Ventricular Dimensions 


In Figures 5 to 7 the changes in left ventricular di- 
ameters and wall excursion are shown for. patients ' 
who had both preoperative echocardiograms and : 
postoperative studies within 2 months of surgery. y~ 




























FIGURE 4. Chronic mitral regurgitation with prolapsing posterior leaflet and atrial fibrillation. Pericardial effusion (PE) is present preoper ti 
:. (PRE) and septal motion is normal. Two weeks after mitral valve replacement (MVR) septal motion is markedly hypokinetic. MDM = mid-diastolic 
, murmur; PSM = pansystolic murmur. Other abbreviations as in Figures 1 and 3. 


- These measurements were within the normal range 
^sbefore operation in patients with mitral stenosis." 
Subjects with aortic or mitral regurgitation had 
above normal preoperative values for left ventricular 
< end-diastolic and end-systolic diameters, AD and AS, 
as would be expected in conditions of volume over- 
. load, but the mean percent systolic shortening, AD/ 
< Dd, was still normal. 
Surgery for mitral stenosis resulted in small, sta- 


: tistically insignificant changes in these variables. Op- 


eration for mitral regurgitation was followed by a sig- 
“nificant decrease in Dd, from 62 + 5 (mean + stan- 


+< dard deviation) to 54 + 9 mm (P «0.01). In contrast, 


Ds increased from 39 + 7 to 42 + 6 mm (not signifi- 
- eant). As expected in light of the reduced stroke vol- 
ume after operation, AD was significantly reduced 
from 24 + 5 to 12 + 9 mm (P «0.01). The percent 
AD/Dd was also significantly decreased postopera- 
ively from 38 + 8 to 21 +13 percent (P «0.02). 
Aortic valve replacement for aortic insufficiency 
d to a significant decrease in Dd from 68 + 7 to 52 
mm (P <0.001) and a minor change in Ds from 46 
0 43 + 6 mm (P <0.02). The reduced stroke vol- 


ume after correction of aortic regurgitant lesion Wt 
accompanied by a decrease in AD from 23 + 4 to 10 
6 mm (P «0.01) and percent AD/Dd was: redu 
from 33 + 5 to 19 + 11 percent (P <0.02). The th 
patients with dominant aortic stenosis had increase 
Dd and Ds before surgery, thus indicating | 
disease was advanced; the aortic regurgitation ir 

of these patients would also have contribute 
dilatation. Replacement of the stenotic valves 
followed by marked decrease in mean Dd.fr 

44 mm and a lesser change in Ds from 39 to 
Because of the small size of this group a statisti 
analysis could not be applied. 

'These data have shown that surgical relief o 
ventricular volume overload due to aortic or 
regurgitation is followed within 1 week by signifie 
decreases in end-diastolic chamber diameter and 
the degree of shortening of the echocardiogray 
minor axis during systole. Septal motion was hyp 
dynamic in these patients preoperatively (11 
mm) but in all cases was diminished or.frankl 
doxical after operation (P «0.001). Posterior 
tion was normal before and after operation 
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| ptal Motion ibn pi 
: Causes 


cal septal 
leading to 


operatively suggests that the phenomenon i is 
ible in most patients. 


left bundle branch block!4-16 






FIGURE 5. Left ventricular difisnsions Pete. and 
after mitral commissurotomy for mitral. stenosis in six 
subjects. Mean values + 1 standard deviation are plot- 
ted. The differences were not significant. A = 2 E 
months after operation; B = before operation; Dd. and GEO 
Ds = end-diastolic and end-systolic diameters; AD — —.. 
total systolic shortening of left ventricular diameter; .. 
AD/Dd 96 = percent systolic shortening; APW = pos- ~. 
terior wall motion; AS = septal motion; NS = mot FP i 
nificant; P = probability. D 








FIGURE 6. Left ventricular dimensions before and m 








'Ds AD AS APW AD/Dd% 4 
after surgery for mitral regurgitation x nine A 
NS «QOO! | «O00! NS «0.02 subjects. Abbreviations as inFigure5. . ^... 
cept those with aortic regurgitation, who septal motion abnormality. Postoperative: Jiradoik a 
operative value of 14 + 5 mm. This finding cal or hypokinetic septal motion was more common - 
bl represents a compensation for the high inci- in patients with aortic than with mitral valve replace- 
: of paradoxical septal motion observed in ment and none of the latter subjects studied during | 
cts. - the late postoperative period demonstrated this ab 
ae normality. This reduced incidence of septal abno 
Discussion mality in subjects studied later than 2 month: 









of abnormal septal function Paradox 
motion has been described 
right ventricular volume o 
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DIMENSIONS (mm) 


IGURE: 7. Left ventricular dimensions before and 
fter aortic valve replacement for aortic regurgitation 
!seven Subjects. Abbreviations as in Figure 5. 


ided angiographically in only 9 subjects, but the re- 
ing 41 had no clinical evidence of coronary ar- 
disease. The cause of abnormal septal function 
ir patients is unknown. Ventriculomyotomy can- 
implicated since all the patients having mitral 
missurotomy had this procedure and three of the 
jects with septal dyssynergy did not have incision 
the left ventricle. All subjects having abnormal 
tal motion had pericardiotomy and cardiopulmo- 
bypass, but these procedures were not necessari- 
taewed by septal hypokinesia or paradoxical mo- 


A aseropey study by Roberts et al.2° of 128 pa- 
nts who died within 2 months of aortic or mitral 

ve replacement, or both, revealed myocardial ne- 
rosis in 65 percent; in 16 percent the lesion was 
transmural. Another study?! of patients without clin- 
lly apparent coronary artery disease showed 
narked elevations of serum glutamic oxaloacetic 
nsaminase and lactic dehydrogenase in 32 percent 
ubjects after cardiopulmonary bypass; these 
anges were attributed to ischemic myocardial inju- 
Only 7 percent of the entire group had abnormal 
ves in the postoperative electrocardiogram. Al- 
‘though not clinically apparent in our subjects, myo- 
cardial injury subsequent to cardiopulmonary bypass 
m y be related to the occurrence of septal dyssyner- 


Aortic valve replacement with its associated cross- 
ing of the aorta would be expected to produce 


P «O00! 


B 
Dd 


<0.02 <0.01 «0.00! 


for preferential involvement of the septum 
parent and, if myocardial injury were the ca 
dyssynergy, the early return of normal mot: 
presence of a paravalvular leak would not b 
ed. Thus, the pathogenesis of postoperati 
motion abnormalities cannot be determined 
studies. 

Clinical significance of abnormal sep 
tion. The clinical importance of these. observ 
that the finding of abnormal septal motion a 
vular surgery cannot be used as evidence of ri, 
tricular volume overload or septal infarction 
this pattern may be attributed to the operatio: 
In addition, Miller et al!? have observed 
lack of septal motion abnormality after mi 
replacement was evidence for a paraprostheti 
with severe mitral regurgitation. Although 
dence rate of frankly paradoxical motion after 1 
valve replacement was lower in our series (only 
cent of early studies) the only subject without 
operative reduction in septal excursion of 6 
or more was a patient with Marfan's syndro 
acute bacterial endocarditis who manifested : 
paravalvular leak in the immediate postopera 
riod. In one patient who underwent aortic valve 
placement for regurgitation a meret sey i 


ly and was documented by cardiac : 
studies. Septal motion, which had. ber ; 
with a septal excursion (A8) of <3 mr l 


tensive myocardial ischemia than mitral . 


cement, and such ischemia might account 


eater incidence of septal abnormality ob- 
ter aortic valve; surgery. However, the reason 
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udies at various intervals after surgery are re- 
to permit better definition of the time course 
he ormal restoration of septal motion. 


Ventricular Dimensions After Surgery 


relief of volume overload in patients with mi- 
aortic: regurgitation we observed signifi cant 
ases in the end-diastolic diameter in studies 
ned 1 week to 2 months postoperatively. This 
consistent with (1) hemodynamic studies 
reduction of left ventricular end-diastolic 











































rabie studies Ei in six patients 7 
months postoperatively demonstrating reduc- 
3.5 to 33 percent in end-diastolic diameter.® 
reoperatively the extent of septal motion was in- 
eased in patients treated for both aortic and mitral 
gurgitation but the mean percent of systolic short- 
ing (AD/Dd) was normal. After surgery for regurgi- 
nt lesions both septal motion and AD/Dd were sig- 
y decreased. This reduction in AD/Dd, an 
iographic equivalent of ejection fraction, 
diminished left ventricular performance 
"Vi vular surgery, which has also been shown in 

amie studies.!-* 
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ui x ~ surgery and the early. 
bypass. would he able to ae to 
volum load in this fashion is not clear. 








po tpperative period, subjects 
with severe left veuiricnlar- dysfunction were conse-. 
quently excluded. All subjects with aortic valve re-. 
placement had substantial reductions in end-diastol- 
ic diameter after operation. After mitral valve re- 
placement for regurgitation three of the nine patients . 
did not show the expected decrease in end-diastolic - 
diameter. One of the three had a large paraprosthetic 
leak and the other two had severe left ventricular 
dysfunction at the time of preoperative cardiac cath- 
eterization. 

Clinical implications: These results have demon- 
strated that echocardiography may be used to follow 
up changes in left ventricular size and function dur- 
ing the postoperative period after valvular heart sur- 
gery. Because of its noninvasive nature this tech- 
nique has potential value for the study of the long- 
term effects of such operations and may be of practi- 
cal value in assessing the condition of patients who 
do not manifest the expected clinical improvement 
after correction of a valvular lesion. 
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Tricuspid valvulectomy without prosthetic replacement has been ai 
cated as a life-saving measure in the treatment of Pseudomonas endo 
carditis of the tricuspid valve. This report describes the hemodynam 
data obtained in 10 patients before and after removal of the s 
valve. Seven patients remained free of cardiac decompensation. 
right heart failure developed in three. Analysis of the preoperati 
did not permit differentiation of these two groups of patients. 








In recent years, because of the prevalence of heroin addiction, the 
cidence of acute bacterial endocarditis of the tricuspid valve d 
Pseudomonas aeruginosa has been increasing.!? When this or; 
becomes resistant to the administration of appropriate an 
agents the patient may succumb to the disease.?^ To pre 
fatal outcome, total tricuspid valvular. without prost 
placement has been advocated. To date, no hemodynamic d 
been reported in patients undergoing this procedure. The 
namic data in 10 patients before and after tricuspid valvulectom 
analyzed in this report. 


Methods 


Each patient was in a preprandial state and received no premedi cati 
Before and after open heart surgery, right and left heart catheterization w 
performed using no. 7 Goodale-Lubin and National Institutes of Health catl 
eters, respectively. The catheters were connected to a Statham P23D tr 
ducer for pressure recordings. The measurements were amplified and rec 

ed on an Electronics for Medicine recorder (model DR-12). Cardiac out; 
was calculated from duplicate standard dye-dilution curves after 
5 mg of indocyanine green dye into the pulmonary artery and sam 
the aortic root. Exercise was performed on a bicycle ergometer at a w 
of 150 kg-m/min for 3 minutes with the patient supine. CA 





Results 


No evidence of right heart failure after total tricuspi 
lectomy (seven patients): Before operation, right an 
pressures and cardiac indexes at rest were within normal lim 
seven patients (Table IA, Fig. 1). After exercise there was an inc 
in heart rate (average 34 percent, P <0.005), cardiac index. (a 
50 percent, P <0.005) and stroke index (average 13. percen 
<0.005). The left ventricular end-diastolic pressure decreased b: 
percent (P «0.007). There was no significant change in : 
atrial; mean pulmonary arterial, right ventricular systolic, 
tricular end-diastolic, mean aortic or left ventricular pressu 

After total removal of the tricuspid valve (Table IB, Fig. 2), t 
erage atrial pressure increased from 4.3 to 11.9 mm Hg (P <0. 
All other resting variables remained within normal limits. 









.. Mean Right "Right Ventricular Pressure 
Atrial Pressure (Systolic /End-Diastolic) 





- Heart Rate - Arterial Pressure : 



































































eh (beats; /min) . (mm Hg) i (mm Hg) DOC d (mmHg) ; 
-B E %A B E Qa B E WAC LB C UE e 
A. Preoperative 
110 155 41 4 4 0 20/6 
100 152 §2 5 5 0 26/6 
100 130 30 3 3 0 24/3 
98 124 27 4 3 —25 30/5 
112 140 25 4 4 0 25/4 
110 142 29 5 4 —20 25/4 
100 132 32 5 6 20 28/3 ; 3 
104.3 139.3 43 41 25.42- 3.2 25.9 + 3.4 16:9, 1E8 i 
+68 +115 £08 +11 4424-13 4121.5 xz 3:3 x 235 
35.0 4- 9.7 —0.4 + 0.7 0.43: 2.2 1.74: 3.0 
0.34 2.1 "s 
34 e 2/—6 IDEM 
«9.005 NS NS . NS E P 
NS : 
B. Postoperat ve 
: 109 150 38 12 ll —8 20/6 21/3 5/—50 
v. 98 140 43 13 12 —8 25/7 25/3 0/—57 
110 134 22 10 11 10 25/7 23/5 —8/—29 
119 150 36 14 1 —21 28/5 25/7 11/—40 
120 142 18 12 12 0 27/7 27/6 0/—14 
110 130 18 11 10 —9 25/4 30/6 20/50 
105 130 24 13 12 —8 30/7 28/6 —1[—14 
108.9 139.4 11.9 11.7 26. 5 ct 2, 0 25.9 + 2 4 
+66 + 8.6 ll +0.5 6.31.3 5.31.4 
—0.2 + 0.8 —0.6 + 2.7 
—1.0+ 2.3 
28 —1 —2/—16 
NS NS/NS 





se-line measurement; E = measurement after exercise; NS = not significant; % A = percent change; SD = standard devia- 


P «0 005) and carciac index (average 25 per- After operation, exercise resulted in a further in- . 
nt. P. «0.005) was noted. However, this increase in crease in mean right atrial pressure (average 38. per- 

| diac index was signif: cantly less then that ob- cent) and in right ventricular end-diastolic pressure: 
rved before operation (P «0.05). The left ventricu- (average 59 percent) and a reduction in cardiac index |- 
id-diastolic pressure decreased by 20 percent (P (average —5 percent) and in stroke index (average | = 
). There was no significant change in any of the —22 percent) (Table IIB, Fig. 2). 

racardiac pressure values. Discussion hm 
of right heart failure after tricuspid Between 1969 and 1973 we treated 33 heroin ad- . . 
vu ectomy (three patients): All three subjects dicts with Pseudomonas endocarditis of the tricuspid 
nal right and left heart resting pressures and valve. All were given carbenicillin, gentamicin, poly- 
myxin.B and tobramycin in various doses and combi- 
nations, Thirteen patients were cured and one died. 
ge 25 padin, cardiac index (verius 44 Nineteen who did not respond to medical treatment — . 
index (average 16 percent). were subjected to surgical therapy. In the first two — 
1 0 and postoperative base-line patients, the tricuspid valve was removed and re- | 
B) reveals an increase in average mean m per 

re from 4.7 to 16.0 mm Hg, a reduc- sistent Pseudomonas septicemia 


3.2 to 2.1 liters/min per m? 17, eut jiu 
L3 to 18.0 cc/beat per m?. 






























Mean. Aortic Pressure 
(mm Hg) 


Left Ventricular Pressure 
(Systolic/End-Diastolic) 
(mm Hg) 


Cardiac Index 
(liters/min per m3) 


Stroke Index 
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A. Preoperative 








110 
90 92 
94.3 94.7 
+ 7.6. + 8.3 


0.44 2.3 


NS 


104/5 4/—38 
105/5 —5/—38 
120/4 4/—33 
140/8 0/0 
114/5 4/—29 
130/8 0/—11 
110/6 6/—14 


100/8 
110/8 
115/6 
140/8 
110/7 
130/9 
104/7 


115.6 + 14.4 117.6 + 13.4 





7.61.0 5.91.6 
2 3.9 
—1.7 + 1.1 


NS/<0.007 





B. Postoperative 





110/8 
122/10 
130/9 
130/5 
115/8 
126/7 
110/8 


108/5 
120/6 
130/7 
130/7 
120/6 
130/6 
110/7 
120.44 8.8 121.12- 9.4 


—2/—38 
—2/—40 
0/—22 
0/40 
4/—25 
3/—14 
0/—13 


w nO QU QU w w w w 
BO LO ta d» oH ew ON 





7.9 4 1.6 


Gy. ange 
poificance (P) 


ardiac surgery has been used to treat acute endo- 
is after failure of medical therapy.9" However, 
ntl the 1972 report of Arbulu et al5 _was there 


in indotarditis "We selected this isi be- 

e of a) our initial failure to control the infection 

y removing the tricuspid valve and replacing it with 
a prosthesis; (2) the high rate of relapse of addiction 
mong our patients, which could lead to infection of a 
prosthetic device; and (3) reports of long-term sur- 
val in patients with severe tricuspid insufficien- 


of ‘the knowledge of the dynamic circulatory 
due to isolated tricuspid insufficiency has 
od from animal investigations. Halmagyi et 
strated that the characteristic signs of tri- 


ney developed only when at least two. 
ctionally incompetens Duae a sig- 


6.3 4- 0.8 


0.06/—20.0 


nificant increase in the right atrial pressure and 
and microscopic evidence of hepatic conges 
ther heart failure nor ascites developed. In « 
Spellman and Balkisoon!^ and Michl et al. 
able to show that either partial or virtually co: 
defunctionalization of the tricuspid valve co 
ly resulted in ascites. Belleau et al.!9 suggested 
the antidiuretic hormone played an important r 
the formation of ascites and peripheral edema. 
In their original report Arbulu et al? conc 
that “the absence of the tricuspid valve does. 
fect the function of the heart so long as there 
myocardial or other valvular lesions and no e 
of pulmonary circuit hypertension." This vi 
challenged by Michl et al.,!° who reported i 
opment of right heart failure in a heroi 
months after total tricuspid valvulectomy. M 
cently, Simberkoff et al.!7 described another 
addict who manifested signs and symptoms 
. right heart failure 1 month after total moval: 
: tricuspid: valve. SES 





“Heart Rate — Atrial Pressure 
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A. Preoperative 





6 142 25 32/4 30/5 
12 142 —33 32/4 28/5 
16 138 0 22/4 25/3 
130.7 . 140.7 ; :. 28.7 3: 5.8 27.7 4: 2.5 


420.6 4.34- 0.6 





B. Postoperative 





110 140 21 40 X 28/10 28/15 
120 142 22 38 27/12 27/18 
115 140 33 35 20/10 22/18 
115.0 140.7 ; 22.0 25.0 +: 4.4 25.7 = 3.2 


+5.00 1.2 ÈL + 1.0 10.73: 1.2 1705 1.7 
25.6 + 4.0 6.0 + 0.0 ` 


ons as. in Table l. 
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3X SIGNIFICANT RESPONSE 
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3k 3 SIGNIFICANT DIFFERENCE 
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` Mean Aortic Pressure 
(mm Hg) 


Left Ventricular Pressure 
(Systolic/End-Diastolic) 
(mm Hg) 
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Cardiac Index 
(liters/min per m?) 





73 juu ae 
A. Preoperative 


110 108 140/5 138/6 —1/20 3.1 4.5 
92 93 110/8 113/7 3/13 3.6 5.3 
118 116 138/5 140/7 1/40 2.8 4.0 
106.7 105.7 129.3 + 16.8 130.3 + 15.0 3.2 4.6 
213.30 + 11.7 6.02- 1.7 6.7 2 0.6 40.6 +0.3 
—1.0 + 1.7 1.0 2.6 1.40.3 


0.7 3: 1.5 








hange + $D 


1/12 





B. Postoperative 


107 138/7 136/6 
94 120/10 118/9 
115 134/7 135/6 
105.3 105.0 130.7-- 9.5 129.7 = 10.1 
+26 i: 11.8 80417 7.051 
0.34 1.5 —1.02: 1.7 


—1.0 + 0.0 





—1/—14 
—2/—10 
—1/—14 





‘change + SD 


three patients within 19 months after nett 
two groups could not be differentiated on the 
preoperative data. 


study, the right atrium and ventricle be- 

.& common hemodynamic chamber after tri- 
vulectomy (Fig. 3), thus accounting for the 

mean right atrial pressure. Seven subjects re- 
free of cardiac decompensation 36 months 
toperatively, but right heart failure developed in 


Clinical implications: In bacterial tricu 
vulitis resistant to medical treatment, total 1 


— m a 
ao o 


ve 9 


PRESSURE (mmHg.) 
3 m 


Fi RE 3. Pressure tracings ob- 
d (A) before and (B) after. 
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ered Refractory Periods in Patients with 
| rt P-R Intervals and Normal QRS Complex 


E K BISSETT, MD, FACC To evaluate the refractory periods of the atrioventricular (A 
NĒIL de SOYZA, MBBS ducting system in patients with a short P-R interval and. nori 
JAMES J. KANE, MD complex, 57 patients with a P-R interval of 110 to 280 mse 

_ MARVIN L. MURPHY, MD, FACC studied with His bundle recording and premature atrial stimul 

; Little Rock, Arkansas similar cycle lengths of 660 to 720 msec. In 13 patients wit 

MT P-R interval (120 msec or less) the mean value for the functio 
fractory period of the A-V node was 368 + 36 msec (stand 
tion), which was significantly lower (P <0.01) than the mean val 
415 + 50 msec in 36 patients with a normal P-R interval (betv 
and 200 msec) and the mean value of 492 + 57 msec in 8 
with an increased P-R interval (200 msec or greater). Patients wit 
short P-R interval had a mean value for the effective refractory p 
of the A-V conducting system of 247 + 26 msec, which was sig 
cantly lower (P < 0.01) than the mean values of 297 + 51 ms 
tients with a normal P-R interval and 369 + 87 msec in pati 
an increased P-R interval. 
The results identify a characteristic conduction abnormalit 

compatible with a partial A-V nodal bypass or dual A-V nodal 
tion pathways. The relation between the duration of the P-R 
and the refractory period may aid understanding of the clinic 
cance of the scalar electrocardiogram. 


The development of techniques for recording electrical activity 
the specialized cardiac conducting system! has permitted charact 
ization of the electrophysiologic abnormality in patients with a 
P-R interval and normal QRS complex with and without a histor 
supraventricular tachycardia. With one exception,” recent 
have shown that in these patients conduction time from the: 
the His bundle is less than normal or at the lower limits of norm: 
(short A-H time) whereas conduction time below the His 
normal (normal H-V interval).^-? In spite of a reduced A-H 
initial studies* have shown no reduction in the refractory. 
the atrioventricular (A-V) conducting system in these pat 
this study we compared the refractory periods of the A-V conc 
system in patients with a short P-R interval and normal Q 
plex with those of patients having a normal or increased P-R 
The results indicate a significant alteration of the functiona 

; fective refractory periods in patients with a short P-R inte 

From the Veterans Administration Hospital, De- normal QRS complex. 

partment. of Medicine, and University of Arkan- 

School of Medicine, ‘Little Rock, Ark. This Methods 


iS pe soon n a stele paie Electrophysiologic studies were performed in 57 male patients ai 


epted September 19, 1974. of diagnostic cardiac catheterization. After giving informed consent 
s for reprints; Joe K. Bissett, MD, De- tients were taken to the catheterization laboratory in the. nonsedate 
of Medicine, Veterans Administration sorptive state. His bundle electrograms were obtained by positioning a 
30 East Roosevelt Rd., Little Rock, lar or tripolar catheter i in the area of the tricuspid valve!; a quadripolar 
: : eter was pl edi in the right atrium tor ache of the atrial slectropam 








“Intervals: 
Diagnosis = (yr) — (beats/min) (msec) (msec) . (mse) > (msec) (msec) o ie 























d A. Group |. P-R Interval of 120 msec or Less 
- ASHD 53 78 120 65 50 340 230A 











= ASHD 55 85 120 70 40 385 230A 
.. ASHD 62 77 120 60 40 390 265A 
ASHD 63 84 120 55 54 330 * 


-> ASHD 52 82 120 70 35 400 





OT 38 84 120 80 35 370 
20 ASHD 66 72 120 60 40 370 
1 ASHD 50 63 120 70 40 425 
^ ASHD* 50 84 110 50 45 335 
ASHD 57 75 120 50 50 400 
CC ASHD 64 55 110 50 40 |. 800 230A: 
“ASHO 55 90 120 60 30 385 250A . 
ASHD* 54 83 110 55 35 325 200A 
117 61 4l 368 MIS GE 
+5 +9 +7 + 36 EA 








B. Group Il. P-R Interval Between 120 and 200 msec 








continued ^. — 





Heart 








Intervals 





^ Age © Rate P-R 
Diagnosis ^ — (yr) Trim) is 


A-H 
(msec) 











51 200 
60 - 200 
62 220 
60 230 
60 200 
68 200 
97 280 
78 225 

219 

+ 27 


115 
110 
120 
150 
125 
130 
200 
135 
135 
+ 29 





= Patients with supraventricular tachycardia. 


CA m atrium; Al = aortic insufficiency; ASD = atrial septal defect; ASHD = atherosclerotic heart disease; ERP = effect 
fractory period of the A-V conducting system; FRP = functional refractory period of the A-V node; HB = His bundle; HT. 
tension; N = A- V node; NL = normal; PAT = paroxysmal atrial tachycardia; SD = standard deviation. gà 


Sisal pacing. Standard electrocardiographic leads I, II, III 
-V4 were recorded simultaneously on a multichannel 
tched beam oscilloscope (Electronics for Medicine) (Fig. 


"The atria were driven by a Tektronix 2600 series pulse 
snerator that delivered rectangular pulses of 2 msec dura- 

| at. twice the diastolic threshold. The pulse generator 
as connected to a battery-powered stimulus isolation box 


Eo n "ye 

coupe ALVUS; 
HAE d HI" H2! 
PR 120 msec 


| .AI-A2 375 
. HI-H2 385 


| 1000 msec 


cos PR l65msec 
> Al-A2 380 - 
-—HI-H2 440 - 
. HBE, Al JM. A2 


to prevent current leakage. The extrastimulus methi 
used to determine the refractory periods of the A- 
ducting system. The atria were driven at cycle len 
660 to 720 msec in all patients to facilitate comparisoi 
premature stimuli were introduced after every 8i 
paced beat. Subsequent pacing stimuli were then ii 
for 2,000 msec by a relay circuit to facilitate meas 
of the conduction intervals (Fig. 1). Premature sti 


PR 220 msec 
AI-A2 390 
HI-H2 475 


|1000 msec 


FIGURE 1. Determination of the functional retrace’ pe 
A-V node (minimal H1-H2 interval) in three patients with a 

val of 120, 165 and 220 msec. measured on the scalar € 

ogram. A, patient with: a P-R interval of 120 msec and 

H1-H2 interval.of 385 msec, occurring. at an A1-A2 inter 

msec. B, patient with a P-R interval of 165 msec and a functio 


`- fractory period of the A-V. node of 440 msec. C, patient wit 


X interval of 220 msec anda mini fhal H1-H2 interval a 475 mse 




























FRP ERP 
A-V A-V 
A K-V Node > CS 
(msec). (msec) (msec) (msec) 





«001 NS «0.01 «0.01 
8717 494-9 415+ 50 297+ 51 


<0.01 NS <0.01 NS 





" (8 patients): 


s P 200 msec or 135 = 29 53+ 11 492+ 57 369+ 87 














































j peiiod. FRP = functional Tracts perii NS — 
int; P= probability. 





odi ced. until the stimulus was no longer conducted to 


llowing terms and definitions were used: 

basic driving rate of the atrium. 

coupling interval between the basic driving 

emature impulse. 

H1: interval between the atrial and His bundle 

f the basic driving beat, approximating A-V 

uction time. 

VI: interval between the His bundle depolariza- 

| onset of ventricular depolarization in the basic 

beat, representing His-Purkinje (intraventricular) 

jon time. 

2-H2: interval between the atrial impulse and His 
e premature atrial beat. 

interval between the His spike and onset cf 

ricular epolarization in the premature atrial beat. 

=! H2: interval between His bundle spikes of the 

driving beat and the premature beat. 

. Effective refractory period of the total A-V con- 

i g system: the longest A1-A2 interval at which A2 

i not result in ventricular depolarization. 

L: Effective refractory period of the A-V node: the lon- 

ist Al-A2 interval at which A2 depolarizes the atrium but 

oes not conduct to the His bundle. 

. Functional refractory period of the A-V node: the 

ortest interval between H1 and H2, both of which were 

ynducted from the atrium. This period is the shortest 

H2 interval achieved. 

|. Effective refractory period of the atrium: the lop- 

S182 interval at which S2 no longer depolarizes the 











fui tional refractory period of the A-V node and the 
ffective refractory period of the total A-V conducting sys- 
were determined in every patient. The effective refrac- 
eriod of the A-V node could not be measured in many 
ces because it-was shorter than the effective refracto- 
iod of the atrium. For reference, the area of the con- 
ing system in which block determined the effective re- 
Ory period of the total A-V conducting system is listed 
‘able I, A to C. : 

he patients were classified i in three groups on the basis 












E -and 200 msec or greater 


ration of the P-R interval. 1291 msec or rd (Group L E 2 


40 msec (Group Il, Table IB) 







and H-V intervals and the functional refractory period of 


-the A-V node and effective refractory period ‘of the total 


A-V conducting. system were tabulated and the results ; 
compared üsing Student's t test for unpaired samples, - 


Results 


The results of conduction studies are shown in oe de 


Table I, A to C, and summarized in Table IL Thir- | 
teen patients had a P-R interval of 120 msec or less; . 
two of these patients had a history of supraventricu- . 
lar tachycardia (Table IA). This group had a mean - 
A-H time of 61 + 9 (standard deviation) msec, mean 
functional refractory period of the A-V node of 368 + 
36 msec and a mean effective refractory period of the 
A-V conducting system of 247 + 26 msec. These find- 
ings were significantly different from similar deter- 
minations in patients with a P-R interval between . 
120 and 200 msec (Tables IB and H). Patients having ` 
a normal P-R interval had a significantly longer 
mean A-H time (87 + 17 msec, P «0.01), a signifi- 
cantly longer functional refractory period of the A-V - 
node (415 + 50 msec, P <0.01) and a greater value for 
the effective refractory period of the A-V conducting. 
system (297 + 51 msec, P <0.01). B 
Patients having a P-R interval equal to or prenter 


than 200 msec had a significantly longer A-H interval, = 


(135 + 20 msec, P <0.01) and a significantly greater | 


functional refractory period of the A-V node (492 +- ` E 
57 msec, P «0.01). Although the effective refractory |. 


period of the A-V conducting system was significant- ; 
ly longer in patients with a long P-R interval than in 
patients with a short P-R interval (P <0.01), the 


mean value of 369 + 87 msec was not significantly.: 2 
different from the mean effective refractory period of — 


the A-V conducting system in patients with a normal 
P-R interval. 


Discussion 


Short P-R interval and reduced refractory pe- 
riod of A-V node: The results demonstrate that a 
group of patients with a short P-R interval and nor- 
mal QRS complex have significant reductions in the 
mean functional refractory period of the A-V node 
and mean effective refractory period of the A-V con- 
ducting system. These findings are consistent with 
recent reports? showing that interventions that 


shorten the A-H time also reduce the functional re- oe 


fractory period of the A-V node. 


Since the effective refractory period of the atria T 
exceeded the effective refractory period of the A-V > 
node in many cases, it was not possible to compare =- 


the effective refractory periods of the A-V node in: 


the three groups. The effective refractory period of _ 


the total A-V conducting system was increased in the. 
group of patients with a normal P-R interval because - 
it contained relatively more patients whose conduc- 

tion was limited by the A-V node, 











roup IH, Table IC). The A-H 





thus contributing — a 
lerger values to the mean effective refractory period. : 
Thie two patients in the group witl a sho! P 


lose condu A limited ib the effective Te 


i m shart p. R interval have norihal nS pe- 
ds, the wide range of normal P-R intervals tested 


dll measurements allowed separation of patients 
ith normal and reduced P-R intervals. 
` Mechanism of short P-R interval: partial A-V 
nodal bypass?: The mechanism underlying this al- 
teration of A-V conduction is unclear. It has been 
proposed?? that the short P-R interval could be re- 
lated to the presence of a partial A-V nodal bypass. 
The anatomic basis for this hypothesis has been sug- 
. gested by studies!!! demonstrating that fibers of the 
specialized conduction pathways from the sinus node 
may bypass a variable portion of the A-V node. Con- 
duction through this pathway might then be associ- 
ted with reduced A-V nodal delay. An alternate 
gestion is that of specialized A-V nodal conduc- 
ion pathways which have the property of accelerated 
nduction.!2 No electrophysiologic information ob- 
tained in our study would permit a definite separa- 
ion of these entities. None of our patients manifest- 
|a prolonged QRS complex and delta wave suggest- 


ing aither the classis fotm.a ora yari: 


Parkinson- White syndrome.? ^ 

Atrial echo beats: reentry?: No patient i 
series manifested atrial echo beats with pre 
atrial stimulation. Previously reported cases 
supraventricular tachycardia developed duri 
stimulation had atrial echoes that develop: 
relatively long A2-H2 interval.*!? This findi 
sistent with the mechanism of A-V nodal re 
or reentry utilizing two conduction pathway: 

Clinical implications: The finding of a 
fractory periods in these patients may have imp 
tant clinical implications. Patients with reduced A 
nodal conduction delay and a short functional r 
tory period may have the potential for 1:1 A-V 
duction at rapid heart rates, thus raising the poss 
ity of rapid ventricular responses during sup 
tricular arrhythmias. The presence of shor 
fractory periods may also influence the effec 
apeutic agents that alter atrioventricular co: 
Additional studies are needed to correlate re 
period measurements with the response to 
rhythmic agents. 
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\ odal Fi Function in the Intact Dog Heart Evaluated by 
ature Atrial Stimulation and Atrial Pacing 





NORES R R. TICZON, MD* Sinus nodal function was analyzed in 25 dogs by premature stimulation ^. 
ROLD C. STRAUSS, MD, CM of the right atrium. The return (Ar-Aq) and post-return (Ag-A) cycles 
| J. GALLAGHER, MD were plotted as a function of the premature cycle, and four zones were 
REW G. WALLACE, MD" identified. Zone 1 (compensatory zone) was observed during the last 
urham, North Carolina 4.8 percent (mean value) of the sinus cycle (A-A). Zone ll was ob-. 

d rue served during 43.6 to 95.2 percent (mean value) of the sinus cycle. 
During the latter part of zone Il, Ar-Ag was nearly constant and Ag-A 
remained nearly equal to A-A during the last 29 percent (mean value) 
of the cycle. Earlier in zone Il three distinct patterns of return cycle re- 
sponses were observed whereas post-return cycles either remained 
nearly equal to A-A or showed progressive lengthening. Zone Ill (inter- 
polation) was observed in 10 animals during 39.5 to 46.2 percent. 
(mean value) of the sinus cycle. Ag-A was nearly equal to A-A in 
zone Ill. interpolation was incomplete late and complete early in the 
zone. Zone IV (echo zone) was seen in another 10 animals during 40.9 
to 45.3 percent (mean value) of the sinus cycle and in this zone Ag-A 
was greater than A-A. No significant difference in these zones was. ; 
seen among the animals anesthetized with pentobarbital or alpha-chlo- SDN 
ralose, or given 6-OH-dopamine. The Ag-A was important in the analy- ` DES 
sis of these zones and appears to be essential to the interpretation of... 
data derived from premature atrial stimulation. Responses to prema- . 
ture atrial stimulation through a catheter electrode positioned against 
the sinus nodal region compared favorably with responses to direct. 
epicardial stimulation. After periods of continuous right atrial pacing a 
variety of patterns of sinus nodal depression were observed at differ- — 
ent rates and durations of stimulation. The frequent occurrence of a : E 
short sinus escape cycle followed by the maximal pause observed dur- — 
ing rapid pacing rates suggests sinus nodal entrance block. This may. 
be an important factor to consider in determining an optimal pasing Y 
rate for assessing sinus nodal function. i 





Several recent reports!-? have suggested that responses to brief. peri - Wes 
ods of rapid atrial stimulation or to single premature atrial stimuli — 
pu can be useful in evaluating the function of the sinoatrial node. Much > = 
the Department of Medicine, Duke Univer- remains to be learned, however, before the interpretation of data de- — . 

Medi Center, Durham, N. C. This investi- rived from these techniques can be applied optimally to the analysis 






















án part by U. S. Public of disorders of sinus nodal function. Among the several disorders | 
Ith Service Grants HL-08845, HL-05736, rhythm thought particularly to represent manifestations of si 
90, and the Walker P. Inman’ Fund. : 
pt accepted August 28, 1974 node disease are sinoatrial exit block and marked sinus brady rdi oo 
se U. S. Public Health Ser- It has been proposed that changes of conduction into or out of the dem 






‘island, N.Y. — sinus node as well as changes of automaticity may be responsible for | ; 
Public Health Service Re- these alterations of sinus nodal function.!-*9? Furthermore, it has. 






ee wo. been proposed that sinoatrial conduction and. autom 


Medical Center, Durham, N.C. < characterized by analyzing responses to premature d : 
Dn ug and to rapid aan pacing p vedova Ao 


trial pietate. ‘depolarization elicited at a 
upling interval that resets the sinus node is fol- 
bya return cycle determined by the retrograde 
onduction time of the atrial premature depolariza- 
n into the sinus node, the sinus nodal return cycle 
d the conduction time back to the atrium.!? It has 
een proposed that sinus nodal automaticity is per- 
urbed by atrial premature depolarizations,!!-!^ and 
Cushny and Matthews!4 have shown that the distur- 
bance of rhythm may persist for several cycles after 
an atrial premature depolarization. The major pur- 
pose ‘of the experiments reported here was to exam- 
jne in detail the first two successive atrial cycles that 
follow the atrial premature depolarization in an at- 
tempt to assess the concealed sinus nodal responses 
to premature atrial stimuli. In addition, because clin- 
ical studies of sinus nodal function employ the cathe- 
ter technique in unanesthetized man, we compared 
the responses to endocardial stimulation through 
catheters with responses to epicardial stimulation at 
defined sites. We also examined the effect of anes- 
thetic agents and alterations of autonomic neural in- 
fluence on the observed responses to single prema- 
ure atrial stimuli and to periods of continuous atrial 
cing: 
. The results of our studies confirmed the presence 
f four zones within the atrial cycle and provided 
ata allowing quantitation of the duration and delin- 
ation of the limits of these zones in the normal ani- 
al by analysis of responses to premature atrial stim- 
The results obtained using stimulation through a 
heter electrode compared favorably with those ob- 
ned using direct epicardial stimulation; the choice 
anesthesia and alterations of sympathetic tone ex- 
rted a minimal influence on these zones in the ani- 
mals studied. Finally, our data suggest that the use of 
| premature atrial stimulation to evaluate sinus nodal 
function must include an analysis of the post-return 
-cycle to identify major alterations of sinus nodal au- 
' tomaticity. 
: Methods 
: Experiments were performed in 25 mongrel dogs weigh- 
ng 7 to.20 kg. After the animals were anesthetized, the tra- 
‘chea was cannulated with an endotracheal tube and venti- 
ation was maintained with use of a Harvard respiration 
. pump. The heart was exposed through a lateral thoracoto- 
my and was supported in a pericardial cradle. Care was 
en.not to injure the vagus nerve or the artery to the 


The. animals were separated into four groups. Groups I 

to III (19 dogs) were studied to determine the effects of two 
anesthetic agents and of chemical sympathectomy upon 
the response of the sinus node to premature atrial stimula- 


"tion and to continuous atrial pacing. Group IV (six dogs) 


"was studied to compare the sinus nodal response to prema- 
ture atrial stimulation when stimulation was performed at 

different right atrial epicardial sites and at an endocardial 
e through a right atrial catheter. The six dogs in Group I 


vere anesthetized with intravenously administered pento- 


al sodium (30 mg/kg body weight). The seven dogs in 
were given morphine sulfate (15 mg/kg) and 


phe alpherehiprelose: (100 to 200 ROME ‘The: 


six dogs i in Group III underwent chemical mpatt i 
by receiving 6-OH-dopamine (20 mg/kg) intravenously 
7 days before the experiment and were then anes! 
with morphine and alpha-chloralose as in Group IL. 

In Groups I, II and III (19 dogs), three 5 contac 
electrodes (interelectrode distance 4 mm) were sutu 
the epicardial surface of the right atrium in the re 
the crista terminalis, mid-right atrium and right at 
pendage, respectively. Bipolar electrograms from t 
three regions and a lead II surface electrocardiogram 
simultaneously displayed on a multichannel osci 
(Tektronix type RM 561A) and recorded on magneti 
(Sanborn type 352B, tape speed 3 3/4 inches/sec): Da 
were then transferred for analysis to photographie- p 
using a Brush multichannel recorder at a paper sy 
100 mm/sec. After a period of stabilization and with the 
imals manifesting normal sinus rhythm, atrial prem 
depolarizations were initiated after every sixth spor 
ous sinus cycle. The electrogram from the crista tei 
was used to trigger a programmable stimulator: (d 
by M. Feezor, PhD). The premature stimulus, 2. 
duration and 2 to 2.5 times diastolic threshold inte 
was introduced through two separate contacts of th 
trode over the crista terminalis. Premature stimuli, 
elicit atrial premature depolarizations, were deliverec 
msec increments of prematurity. Continuous right al 
pacing was carried out through the crista terminalis e 
trode at three rats (that is, cycle lengths of 300, 200 an 
msec) and for durations of 1, 3 and 6 minutes at e 
Electrograms recorded from the crista terminalis and 
the mid-right atrium were used for interval analyses. 

Group IV consisted of six dogs anesthetized with 
phine and alpha- chloralose and prepared in a mann 
lar to animals in Groups I and II. Epicardial’ 
were sutured to the crista terminalis and right à 
pendage. In addition, a bipolar 5F USCI electrod 
(interelectrode distance 1 cm) was inserted into t] 
vein through a cutdown in the neck, and the electrod 
the tip were positioned against the region of the sinus nod 
Bipolar electrograms were recorded from the cavity. 
epicardium. Premature atrial stimuli were eee to SC 


Ester and intracavitary electrodes. In yc 
fourth stimulation sequence using pulses of 20 tin 
stolic threshold intensity was delivered through: 
cavitary electrode. Interval measurements were 
from the electrograms recorded from the stimulatio: 
except during stimulation through the intracavita 
trode when measurements were made from the c 
minalis electrograms. All intervals obtained. from e 
ments in Group IV dogs were digitized by means 
cially constructed analog circuit (designed by Jack 
connected to an interval timer (Hewlett-Packard 
ing System type 5300) and a numerical printer | 
Packard type 55055A). 

At the beginning and end of each experiment 
IV the epicardial surface of the right atrium was | 
using a bipolar probe electrode to determine the s 
liest atrial activity and its relation to the time of 
of activity at the fixed atrial recording sites. 
dure was used to provide an approximate loca 
sinus nodal pacemaker and to assure that no maj 
location of the pacemaker occurred during the 


any given experiment. When such. a shift was detect 


Piper was excluded from analysis. 
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510-550 
380-410 
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larizations starting 


sinus cycle and ending when ti 

of the atrium was encountered. ' n 

of the zones was as previously Sonat 12 Zone pr 

ed the first zone encountered during the stimulation se- 
quence. However, designation of the: :component part of - 
each zone, whether early or late, was: made in relation to its 
position in the atrial cycle; for example, late zone II re- 
ferred to the segment of this zone that is adjacent to zone I. - 
To evaluate the effect of periods of continuous right atrial = ~ 
pacing, 10 spontaneous sinus cycles before the onset of pac- 
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e measured. The sinus cycles immediately after ces- `- mediate rates and dogs that underwent sympath 
tion of the stimulation were likewise recorded for 1 min- tomy and ‘were subsequently anesthetized wi 
te. ——— alpha-chloralose and morphine (Group HI) had 

-` Results slowest rates. Despite these differences in spon’ 
ee ous heart rate, the distribution and duration of 
Premature Atrial Stimulation four zones within the spontaneous sinus cycle we 
- In each experiment, the effects of single atrial pre- comparable. For this reason, data from Group: 
ature depolarizations elicited at various coupling III and part of Group IV (epicardial crista termir 
intervals during sinus rhythm were analyzed and stimulation site) were pooled to characterize the 
graphed. The normalized coupling interval of the zones and provide quantitative descriptors of t. 
premature beat A-AT/A-A was plotted on the abscis- distribution and duration. s 
sa and the subsequent return cycle Az-Ag/A-A plot- Zone I (compensatory zone): When atrial p 
ted on the ordinate. Curves illustrating data from two ture depolarizations were introduced late during 
'epresentative experiments are presented in Figure 1. spontaneous sinus cycle, the return cycle was | 
"The duration of the atrial return cycle and the pre- compensatory; that is, A-Ay + Aq-Ag = 2A- 
‘maturity of the test cycle were used to delineate four compensatory responses characteristic of this z 
zones or intervals within the spontaneous sinus cycle are illustrated in Figures 1 and 2A, in which the 
labeled I to IV according to the nomenclature pro- crease in return cycle (Aq-Ag/A-A) is equal to 
posed. by Strauss et al! Table I summarizes the decrease in test cycle (A-Ay/A-A), and thu: 
values of spontaneous cycle lengths and the duration points fall on the compensatory line (Fig. 1) 
of the normalized zones in each of the four groups of shortest coupling interval of the atrial prematu 
dogs. It can be seen that the animals anesthetized polarization to produce a return cycle respi 
with pentobarbital sodium (Group I) had the fastest is compensatory (zone I) defines the earliest lin 
spontaneous heart rates, those anesthetized with this zone. The duration of zone I averaged 4.8 perc 
alpha-chloralose and morphine (Group II) had inter- of the basic sinus cycle (Table I), and this narrow 
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«FIGURE 1. Effects of programmed premature atrial stimulation on spontaneous sinus rhythm. Data points are plotted with the normalized 
"cycles (A-Ar)/(A-A) on the abscissa and normalized return (Ay-Ag)/(A-A) and post-return cycles (Ag-AV(A—-A) on the ordinates. Re ) 
» tive data points obtained from two different animals are shown in A and B. In panel A (Dog 5) the return cycles (closed circles) f: 
“compensatory zone during the last 7 percent of the cycle (zone I) and earlier in the cycle fail below the compensatory line. After a 
-tion period, they remain nearly constant with increasing prematurity of the atrial premature depolarization producing a "plateau" (zor 
- in zone It the return cycle progressively prolongs to a value 10 percent greater than that in the plateau. The post-return cycles (ope 
ual to the basic sinus. cycle during the last 25 percent of the cycle then progressively prolonged early in zone Il. At nearly it 
ervals return cycles are either long (zone Il) or short, being less than the basic sinus cycle (zone IIl). During zone lll the post 
es nearly equal to the basic sinus cycle. In panel B (Dog 4), return cycle responses similar.to those in A are seén late in the c 
T). Early in.zone I| the return cycle becomes slightly shorter with increasing prematurity of the atrial premature depolarization but 
than the basic sinus cycle. Further decreasing the coupling interval of the atrial premature depolarizations causes the return ey 
bruptly shorter than the basic sinus cycle as in panel A (zone ill). Still earlier, the return cycle responses fall below the complete 
line (zone IV). The post-return cycles during zone Ill are less or nearly equal to the basic sinus cycle and during: zone IV they are aga 


xt for discussion). ERP = effective refractory period. = 
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ograms were recorded from the crista terminalis (CRIS- 
atrium (MRA), right atrial appendage (RAA) along with 
the ‘electrocardiogram. In panel A an atrial premature 
n elicited by stimulus (S) at 95 percent of the basic 
305 msec) is followed by a compensatory return cycle 
35. msec (zone |). Likewise, the post-return cycle (Aa-A) 
ual to the last basic sinus cycle (A-A). In panel B an atrial 
„depolarization elicited at 72 percent of the basic sinus 
(230 msec) is followed by a return cycle of 385 msec, which is 
^ the last basic sinus cycle but is less than compensatory 
ewise, the post-return cycle is prolonged at 335 msec, 
"that the sinus nodal pacemaker was perturbed by the 
remature depolarization. 





rred at the end of diastole immediately pre- 
ling the next expected sinus beat. 
Zone II: When atrial premature depolarizations 
e introduced earlier in the spontaneous atrial 
de than zone I, an interval of the spontaneous 
inus cycle was identified in which the return cycle 
-Ag) was less than compensatory, but greater 
n one spontaneous sinus cycle; that is, A-ATq + 
vr-Án <2 A-A, and Ay-Ap >A-A. Responses char- 
cteristic of zone II are plotted in Figure 1 and illus- 
ted in Figures 2B and 3, A and B. The shortest 
ipling. interval of an atrial premature depolariza- 
ion to produce a return cycle response characteristic 
f zone II defines the earliest limit of this zone. The 
ration of zone II averaged 51.6 percent of the spon- 
eous sinus peyele : and this zone extended from 43. 6 
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FIGURE 3. Segment of zone ll showing constant return cycle re- 
sponses to atrial premature depolarizations elicited at different cou- 
pling intervals. In panel A an atrial premature depolarization elicited 
at 285 msec is followed by cycles A;—-Ap of 365 msec and An-A of 
330 msec. The A1-Aa cycle is less than compensatory, suggesting 
resetting of the sinus nodal pacemaker. The post-return cycle is 
equal to the last basic sinus cycle indicating that sinus nodal auto- 
maticity is not depressed by the atrial premature depolarization; In. 
panel B an atrial premature depolarization elicited at a coupling in- 
terval of 240 msec is followed by cycle Ar-Ag of 365 msec. as in. 
panel A and cycle Ag-A of 327 msec, which is nearly equal to the: 
last basic sinus cycle. Abbreviations as in Figure 2. l 


creased, the return cycles (Ay-Ap/A-A) remained 
nearly constant, forming a “plateau” (see Fig. 1 and 
7). During the “plateau,” the return cycle was 10.1. 
percent (mean value) longer than the basic sinus 
cycle. 

Earlier in diastole three subgroups of data were ob- 
served. In seven animals the duration of the retürn 
cycle remained constant throughout zone II. In an- - 
other seven animals, as the coupling interval of the. 
atrial premature depolarizations was further. de- 
creased, the duration of the return cycle was progres- 
sively increased, sometimes by as much as 10 percent 
(Fig. 1A). In another set of seven animals as the cou- 
pling interval of the atrial premature depolarizations 
shortened, the return cycle duration decreased (Fig. 
1B). In two dogs the distribution of data points was . 
complex and represented a combination of the pat- . 
terns described. In the remaining two animals a 


marked scatter of the data points was seen associated - z 


with sinus arrhythmia (cycle length more than. 100 — 
msec). ot 
The duration of post-return cycles (Ag-À). showed. OSs 
two patterns during zone II. In 8 of the 25 animals: 


Ar-A remained nearly equal to A-A despite increas- ^ 
ing prematurity of the atrial premature depolariza- __ 
tion. In seven of these eight animals the return cycles Cue 
. were alse e constant throughol z ne I ass ated i earn 05 





E 4. ibómplete. imérpolatios: An atrial pre- ` 


f 195 msec after an A-A of 570 msec is föl- 

jd by Ar-Ag of 495 msec, which is shorter 

the. basic: sinus cycle. A-Ar plus Ar-Ag is 

ter than A-A but less than twice A-A (zone 
Note that Aa-A is equal to A-A. 


CRISTA 


JRE 5. Atrial premature depolarizations elicited 

g late zone Il and zone IV. In panel A, an atrial 

mature depolarization elicited at 205 msec after 

A-A is followed by Ar-Ag of 528 msec (zone Il), and 

Ag-A. is equal to A-A. In panel B an atrial premature 

depolarization elicited 15 msec earlier (190 msec) is 

llowed ‘by a short Ar-Ag of 290 msec so that A~Ar 
:Ar-Ag is less than A-A (500 msec). The Ag-A 

le is prolonged together with the subsequent cycle. 

è is.no increase in latency (S-A;) from panel A to 

ikewise, the sinus echo (Ag) has identical electrode 

ation and sequence of atrial activation as the 


CRISTA 


lier atrial premature depolarizations were associated 
ith progressive prolongation of the post-return 
cycle by as much as 10 percent (Fig. 1). In the re- 
maining two dogs the post-return cycles showed a 
marked scatter associated with similar scatter in the 
values of the return cycles. 
Zone II (interpolation): This segment of the 
rial cycle was observed in 10 of 25 dogs and often 
verlapped with the earlier part of zone II. Two 
rms of interpolation were seen, incomplete and 
plete. An atrial premature depolarization was 
dered incompletely interpolated if A-AT + Ar- 
as greater than A-A, but Ar-Ar was less than 
-A (Fig. 1 and 4). Complete interpolation was said 
) occur when A-AT + Aq—Ar was equal to A-A. In 
both forms of interpolation the basic sinus cycle was 
not affected so that the post-return cycle (AR-A) was 
early equal to A-A. Complete interpolation was 
rely seen and when it occurred it was elicited by 
al premature depolarizations whose prematurity 
1 a very narrow range of 5 to 10 msec. Zone III 
average duration of 6.7 percent of the sponta- 
trial cycle length and was encountered during 
2 percent (mean value) of the atrial cycle 


V. (echo doe: When atrial premature de- RS 
ns were elicited d early. in the atrial cycle ae = 


500 


900 


interval of the spontaneous sinus cycle was. iden 
during which the atrial premature depolarization 
followed by a return cycle that was shorter. 
basic sinus cycle—that is, AT-Ag «A-A—and 
turn response occurred earlier than the nexte 
sinus beat—that is, A-Ay + Ar-Ar < A-A. 
sponses were considered sinus echo beats anc 
following additional criteria to distinguish th 
atrioventricular nodal echoes: (1) The P wav 
II was upright and similar to a sinus beat; ( 
quence of atrial excitation at the three recording 
was identical to a sinus beat; and (3) there was 
crease in the latency between the stimulus a 
atrial premature depolarization. Sinus nodal e 
are illustrated in Figures 1B and 5B. Zone I 
sponses were observed in 10 animals. This zo 
an average duration of 4.6 percent of the atri: 
length and was encountered during 40.9:to 45 
cent (mean value) of the basic sinus cycle (Tab 
Occasionally two or three sinus echoes wi 
characteristics cited were elicited by one atri 
mature depolarization. The post-echo. cycle 
generally showed prolongation or pause un 
complete. interpolation. No attempts. were m. 
stimulate the vagus or cool the animals. to € 


response. No differences were found in the nu 
animals manifesting sinus echo or interpolatio 
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| A. CRISTA 2x Threshold 























ympathetic tone. The sinus echo when evoked could 
€ roduced when stimulating the same or differ- 





refractory period: The effective refractory 
xd of the right atrium was defined as the longest 
nterval following a basic sinus beat in which a pre- 
ature test pulse failed to evoke a propagated atrial 
response. In these 25 dogs the effective refractory pe- 
averaged 36.8 percent of the basic atrial cycle 
igth and was slightly Shorter in animals in Group 
"han | in animals in Group I or II (Table I). When 
e atrium was stimulated just outside its effective 
fractory period, “vulnerability” was occasionally 
ountered and manifested by short runs of repeti- 
ve responses that could be distinguished from sinus 
choes | using the criteria described (see Fig. 6). 
In dogs in group IV, premature stimuli were deliv- 
d to the crista terminalis and, in addition, the sites 
ulation were varied (Fig. 7). The distribution 
lata points was almost identical when stimulation 
f the crista terminalis was compared with endocar- 
stimulation through the catheter electrodes. 
vise, increasing the intensity. of the stimulus to 
es threshold resulted in an almost identical 
on of data points. 














C. RIGHT ATRIAL APPENDAGE — 2xThreshold 
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i responses during the atrial vul- 
; . An atrial premature depolariza-- ; 
E fion. elicited very early in the atrial cycle (140 
-< msec} is followed by two very short cycles of 
—,140 and 135 msec, respectively. They are fol- 
lowed by a pause of 375 msec. Note the 
change in the crista terminalis electrograms of 
the short cycles. The conduction time from the 


different from that of the sinus impulse. The last. 
two depolarizations in this figure also showed 
different crista terminalis electrograms and 
slightly different P wave configurations. This 
finding suggests that they represent escape. 


nodal depression from the tachycardia that en- 
tered the sinus node. 


















FIGURE 7. Effects of different 

sites of right atrial stimulation. As 

120 in Figure 1, normalized. values of 
return and. post-return. cycles are 

uo plotted on the ordinate and those 
of test cycles on the abscissa. 

i00 Ar-A Panel A, stimulation of the crista 
%-A terminalis through epicardial elec- 
trode at twice threshold; panels B 

and D, stimulation of the right atri- 

um through a. catheter electrode 

120 positioned against the sinus nodal 






region at 2 and 20 times threshold 
HO intensity, respectively; panel. C, 

stimulation of the right atrial ap- 
100 pendage through an epicardial .. 


electrode. Note the almost identi- 
cal distribution of data in A, B and 
D. 


Continuous Atrial Pacing 


After periods of continuous right atrial pacing vari: 
ous patterns of sinoatrial nodal depression were ob- 
served with different rates and durations of stimula- 
tion (Fig. 8 and 9). Dogs in Groups I to III underwent 
pacing at 300, 200 and 150 msec for 1, 3 and 6 min- 
utes. After termination of continuous atrial pacing, 
the maximal pause frequently did not occur in the 
first escape cycle but usually in the second or third. 
escape cycle (Fig. 8 and 9). In each case the first short 
escape cycle was terminated by a sinus P wave and a 
sequence of atrial activation identical to that of sinus 
rhythm prior to pacing (Fig. 8 and 9). The minimal 
value of the first escape cycle was 117 msec (prepac- 
ing cycle length 379 msec). Although the results were 
not uniform, the frequency with which the first es- 


cape cycle was shorter than the maximal pausetend- ^ . 
ed to increase at faster pacing rates. These observa- . . 


tions were noted at relatively lower pacing rates in - 
dogs i in Group IH with slower control heart rates than- 
in dogs in Groups I and II. In general, the maximal. 


pause after continuous atrial pacing tended to in-. . 
crease as the pacing cycle length was decreased fur- —. 
ther from 200 to 150 msec (Fig. 9). In Groups. IandH 
when depression did occur the maximal pause was | 
usually e 50 to 100 mse 
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crista terminalis to the right atrial appendage is = 


beats from a subsidiary pacemaker after sinus oR 
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IGURE B. Continuous pacing of the crista terminalis for 3 minutes at pacing cycle lengths of 200 and 150 msec. In the upper panel 
; cycle length 200 msec) 1:1 atrial capture is seen with type | second degree atrioventricular block (Wenckebach periods). immediately 

mination of pacing, the first escape cycle is 510 msec, consistent with overdrive suppression of the sinus node. The subsequent. ‘cycles 
‘ogressive shortening toward the prepacing rate. The first escape beat has a different crista terminalis electrode activation. In panel: 
pacing cycle length decreased to 150 msec, 1:1 atrial capture is also seen with 2:1 atrioventricular block. After termination of ‘pacing 
-sinus escape cycle (355 msec) is shorter than both the pre-pacing cycle length in panel B and the maximal pause seen in panel A. The 
‘quent cycles returned to base-line rate much sooner than in panel A, suggesting a lesser degree of sinus nodal pacemaker depr ssi 
text). 
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wever, at no time was the maximal pause after 
nuous atrial pacing greater than twice the con- 
e length. In all animals the duration of the 
ause varied directly with the time elapsed 
he post-pacing rate returned to control 
The different Gurations of pacing used in 
A tudies did not have a significant effect on the 
uration of the maximal pause. 








Discussion 


a inical disorders of cardiac rhythm thought to 
ias re of ig: sinoatrial node include 


i eratis with secrete SA 
cardia syndrome)? These disturbances of si- 
ial nodal function are thought to be due to 
sturbance of sinus modal automaty or sino- 







is separate and quantitate disturbances of si- 
itrial automaticity or eonduction in patients with 
us nodal dysfunction. 










nman, particularly in the presence of a disease 
 ARering interpretations of the data obtained 



























cemaker. - "Other investigators!10.17-20 suggested 
hat the changes represented a segment late in atrial 
stole when the sinus nodal pacemaker is undis- 
bed by atrial premature depolarizations. Further- 
, Strauss et al.! suggested that atrial responses 
atrial premature depolarizations can be used to es- 
imate “sinoatrial conduction time." However, Klein 
et al.!? observed that atrial events in response to atri- 
| premature depolarizations may not accurately re- 
flect sinus pacemaker activity. These differing 
‘schools of thought have strengthened the need for 
dentification of a suitable animal species that would 
itr more detailed study than is possible in man. 


mature Atrial Stimulation 


Zone I: In this study direct epicardial and intra- 
cavitary stimulation with several recording electrodes 
as performed i in normal animals anesthetized with 

: f anesthetic agents either during a control 
r chemical sympathectomy. In these ani- 
e have delineated four zones of the atrial cycle. 
(comp eneatory: zone) was s observed late i in atri- 











. nodal return cycle is also occurring ir 








al ‘diastole dunk the Jast 4 4 8 percent of hé cycle. 


During this time a decrease of the coupling interval - 
of the atrial premature depolarization was associated 
with a compensatory lengthening of the return cycle, - 
and the post-return cycle remained equal to A—A. It 
has been shown that late atrial premature depolariza- 
tions fail to enter the sinus node because spontane-.. 
ous sinus depolarization has already occurred before. 
arrival of the premature impulse.?! In essence the- 
sinus nodal pacemaker is unperturbed by the atrial - 
premature depolarization and collision of the latter 
and the emerging sinus nodal impulse occurs some- 
where in the sinoatrial junction.?! This explains the 
observation that when the basic sinus cycle is con- 
stant the post-return cycle during zone I is always 
equal to the last sinus cycle preceding the atrial pre- 
mature depolarization. 

If conduction to the sinus node is prolonged and 
first degree sinoatrial block is present, the zone in 
which the sinus node is not disturbed by atrial pre- 
mature depolarization will be lengthened. The short- 
est coupling interval of the atrial premature depolar- 
ization to produce a return cycle response that is 
compensatory defines the earliest limit of zone I. 
With first degree sinoatrial block, therefore, zone I 
will be lengthened.!? 

Zone II: In this zone, which was observed during 
43.6 to 95.2 percent of the basic sinus cycle, a variety 
of phenomena were seen. In all animals in which this .. - 
zone was well defined the transition from zone I to ` 
zone II occurred when the data points fell below the 
compensatory line. As the coupling intervals of the 
atrial premature depolarizations decreased, the re- 
turn cycles continued to prolong until they reached a 
constant value forming a “plateau.” 

The long transition period between a compensato- 
ry return cycle and a “plateau” return cycle can be 
explained by the experiments of Miller and Strauss?! 
in isolated rabbit right atrial preparations. These in 
vitro studies demonstrated that an atrial premature 
depolarization, although elicited too late in diastole 
to capture the sinus node, could nonetheless acceler- 
ate repolarization of the sinus node and shorten the 
latter's return cycle. Action potential shortening was 
minimal with late atrial premature depolarizations 
and increased as the coupling interval of the prema- 
ture depolarization was decreased.*! This shortening 
of the sinus nodal return cycle caused the atrial re- 
turn cycle to be less than compensatory and. to fall 
below the compensatory line in the graph. Inthe late ^ - 
portion of zone II lengthening of the atrial return.cy- ^ 


cles after progressively earlier atrial premature depo- .. 


larizations was due not to depression of sinus nodal _ 
automaticity but to reflected shortening of the sinus 
nodal return cycle. Deviation of the return cycle from 


the compensatory line did not coincide with sinus us 


nodal capture in the isolated rabbit heart.?! Since the 


transition periods between compensatory return cy- . Fs 


cles and “plateau” return cycles are similar in the 
graphs obtained from dog and rab 
unreasonable to assume that shorteni 








bit stide, iti is b not Wt 









rtening of this cycle by atrial premature depolar- 
ns would prevent accurate estimation of the “si 
atrial conduction time” using the premature atrial 
ulation technique. 
As the coupling interval of the atrial premature de- 
polarizations was decreased, the return cycles formed 
a “plateau” in 23 of 25 experiments. In human stud- 
ies! the transition from the compensatory return 
cycle to the less than compensatory return cycle was 
- interpreted as reflecting sinus nodal capture by the 
atrial premature depolarization. Since the less than 
“compensatory atrial return cycle was constant and 
formed a “plateau,” the sum of the three components 
of the return cycle should approach some constant 
oo value. These three components are the retrograde 
- conduction time between the atrium and the sinus 
“node, the sinus nodal return cycle and the antegrade 
: conduction time between the sinus node and the atri- 
um. In their in vitro studies, Miller and Strauss?! 
_ showed that when the atrial return cycle approached 
a constant value forming a “plateau,” the values of 
each of the three components did not necessarily re- 
main constant as the coupling interval of the atrial 
premature depolarization decreased. Whether such 
- results are applicable to our dog studies is unknown, 
"but if they are then the use of the "plateau" would 
“not provide an accurate means of determining the 
+ "sinoatrial conduction time.” 
-` Earlier in diastole three patterns of distribution of 
. zone II data points occurred. In 7 of the 25 animals 
< the nearly constant return cycle or “plateau” portion 
seen late in zone II was associated with further pro- 
gressive prolongation of the return cycle interval with 
increasing prematurity of the atrial premature depo- 
-larization (Fig. 1A). This progressive lengthening of 
the return cycle interval, sometimes by as much as 10 
.. percent, was associated with lengthening of the post- 
. return cycle. The prolongation of AT-Ag and Ag-A 
suggests perturbation of the sinus nodal pacemaker 
as shown by Bonke et al.!? and Klein et al.!? During 
the early half of zone II the data points of Ar-Ag and 
Ag-A were approximately parallel. However, very 
early in zone II the return cycle showed abrupt 
lengthening, suggesting that the ‘atrial premature de- 
polarization was encountering the relative refractory 
.. period of the sinoatrial junction.!? In another seven 
- animals the return cycle remained constant through- 
out zone II and, in addition, the post-return cycle re- 
: > mained nearly equal to the A-A cycle. We postulate 
"that in this set of animals sinus nodal automaticity 
- was not grossly perturbed by the atrial premature de- 
: polarization. 
: «. In another set of seven animals with a "plateau" 
late in zone II there was a decrease of Ay—Ar early in 
this zone as the coupling interval of the atrial prema- 
ture depolarization was further decreased. Of note is 
iat the post-return cycle during this time remained 
ed, which suggests that the sinus nodal pace- 
was perturbed (Fig. 1B). A reasonable expla- 





































on for this ‘behavior of the return xol: is not yet - 


(interpolation): During zone III the phe- 














nomenon of interpolation was seen $7104; 17-20,22 
often overlapped the earliest part of zone H and 
ways overlapped zone IV. We elicited this. zone 
39.5 to 46.2 percent (mean value) of the basic s 
cycle, a value quite similar to that found in cats” 
in man.*7111920 Two forms of interpolation 
seen, incomplete and complete. During incomplet 
interpolation the return cycle is less than A-AÀ bi 
the sum of A-Aq plus Ar-Am is greater than A 
Langendorf et al.!? proposed that this results fro 
concealed conduction of the atrial premature de; 
larization in the path to the sinus node (sino 
junction) so that the subsequent - sinus beat 
shows an exit delay. That the sinus nodal pac 
is in some way perturbed is supported by the ob: 
vation that the post-return cycle i is only slightly le 
or nearly equal to A-A, when in fact it should. 
shortened by an amount equal to the exit. del: 
caused by concealed conduction of the atrial pren 
ture depolarization. However, the perturbation 
pacemaker lasts for only one cycle. As seen in Figu 
1, the prolonged post-return cycle occurring early in 
zone II abruptly shortens to nearly equal the / 
cycle during periods of interpolation. These observ: 
tions on the behavior of the post-return cycle durir 
zones II and III suggest different degrees of pe 
tion of the atrial premature depolarization thro 
the junction into the sinus node. Further, the tra 
tion from zone II to zone III defines the effecti 
fractory period of the sinoatrial junction or 8i 
nodal pacemaker, or both. B 
We have observed other responses that would 
considered interpolated if only the premature an 
turn cycle intervals were analyzed, namely, pa m 
er shift and atrioventricular nodal echo. À signi 
shift of the pacemaker is demonstrated by a s 
atrial rate that persists for several cycles, a chang 
the pattern of the crista terminalis electrograms | 
a change in the “conduction time.” However, the co co 
tour of the P wave remained identical to that o 
sinus impulses. Not only does the cycle length rem 
prolonged for several cycles but, in addition, 
ferent pattern of the crista terminalis elec! 
persists (Fig. 10). One may argue that the chang 
the contour of the crista terminalis electrogram 
be due to a change in the propagation of ex ital 
wave front rather than a shift of the pacema 
this abnormal contour of the crista terminalis 
trogram is seen for a few beats after atrial prematu: 
depolarization makes this explanation less: 
addition, this pattern of response would be m 
catheter studies. Atrioventricular nodal ec 
been distinguished by the following charact 
(1) prolongation of the P-R interval of the cc 
atrial premature depolarization, (2) a chan 
sequence of atrial activation, and (3) negati 
tour of the P wave in lead II, although the last cl 
acteristic may not always be true.?^?5 i 
Complete interpolation was rarely aneita 
is said to occur when the basic sinus. cycle enc 
passing the atrial premature depolarization rem; 
unaltered so that A-Ap + Aja s AA: Likew 
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URE 10. Apparent incomplete interpolation. An atrial premature depolarization elicited at a coupling interval of 170 msec is followed by cycle 
“A 





f 455 msec. which is less than cycle A-A of 502 msec. A-Ar plus Ar-Aq is greater than A-A as in incomplete interpolation. However, 


the crista terminalis electrograms of Ap and subsequent cycle are different from the sinus impulse preceding the atrial premature depolarization. 



































post-return. cycle remains equal to the basic sinus 
cle. This i is à result of entrance block of the atrial 
ure depolarization in the sinoatrial junction.!? 
d, in contrast to the observations of Childers 
al," that once complete interpolation is seen there 


(sinus echoes): During zone IV sinus 
were seen.51026-29 Their occurrence always 
ed interpolation and was elicited during 40.9 
rcent (mean value) of the basic sinus cycle. 
hoes previously characterized were generally 
ed by a prolonged post-return cycle suggesting 
Xf sinus nodal automaticity. Such depres- 
s echoes suggests that the echo pathway 
the sinus node. On the other hand, sinus 
a -often encountered at coupling intervals 
orter than some atrial premature depolarizations 
| incompletely interpolated responses; 
suggests that in these instances the sinus 
emaker was not an integral part of the echo 
ible I, Fig. 1). That no further sinus echoes 
ked by an atrial premature depolarization 
g earlier than the coupling interval of an atri- 
ature depolarization that elicits a completely 
erpo ated response further supports the sugges- 
n that the echo circuit incorporates part or all of 
sinoatrial junction, although it is still possible 
ata completely interpolated atrial premature de- 
ization may conduct into the sinoatrial junction 
hout affecting the subsequent sinus impulse. 
delineating the four zones of the atrial cycle we 
nd that analysis of the post-return cycle is essen- 
ia terpretation of data derived from prema- 
stimulation. It afforded greater insight 
t of. perturbation of sinus nodal auto- 








N lost. important, it helped to sepa- 

L zone Ill and zone IV responses, 

ited at similar coupling intervals. 
d When 





ached, ; as manifested by 





: -discharge during pid p 
y. atrial * vulnerability waso oo 


S: suggests that they represent escape of a pacemaker from a distant region in the sinus node or adjoining ectopic region in the right atrium 


encountered in a few dogs. It was manifested by short 
runs of rapid tachycardia or flutter (Fig. 6). It dif- 
fered from sinus echoes not only by the increase in la- 
tency of the stimulus to atrial premature depolariza- 
tion but also by the extremely short cycle length. The 
cycle length was usually shorter than 200 msec, rang- 
ing from 20 to 30 percent of the basic sinus cycle. 
Likewise, the crista terminalis electrogram of the 
tachycardia was different from that of the sinus im- 
pulse (Fig. 6). As previously reported by others,??.26 


we found no direct relation between the length of the — 


right atrial effective refractory period and the occur- 
rence of sinus echo. In the animals in which sinus 
echo or interpolation was elicited, the right atrial ef- 
fective refractory period was a mean of 36 + 9 per- - 
cent of the basic sinus cycle; in those that did not 
manifest sinus echo or interpolation, the mean right 
atrial effective refractory period was 37 + 9 percent 
of the basic sinus cycle. 


Continuous Atrial Pacing 


Overdrive suppression of the sinus node: This 
has been well demonstrated in both animals and . 


man.?90-3? The initial negative chronotropic effect or . : 


overdrive was thought to be due to the local release of 
acetylcholine producing increasing membrane per- 


meability to potassium and decreased rate and de- E 


gree of diastolic depolarization of the sinus pacemak- 
er.9353 Lange?! added that overdrive suppression 
may be due in part to the failure of conduction from: 


the pacemaker within the sinus node after continu- ES : 


ous pacing. The acceleration of sinus rate after the . 
depression is attributed to the release of catechol- 
amines that accompany acetylcholine release during 
continuous pacing. It has been observed in both ani-- 
mals and man that sinus nodal depression is PISA i. 













ing is believed 4 to be. d 





as been given to the phenomenon of Short first 
8€ ing at rapid pacing rates.- 


hort first: sinus escape cycles may be due to 
us nodal reentry or to entrance block into the 
us node during rapid pacing. These short escape 
ycles are generally associated with a shorter maxi- 
al pause than that achieved at slower pacing rates 
the same animal (Fig. 8). This decrease in the max- 
mal pause may be due to entrance block into the 
sinus node during rapid pacing. Entrance block 
- would prevent the sinus node from being discharged 
at the same rate as the atria, thereby causing lesser 
degrees of sinus nodal depression. In patients with 
“=the bradycardia-tachycardia syndrome it is not un- 
‘usual to see that after termination of tachycardia, a 
short sinus escape cycle precedes the maximal 
pause.*4 Since sinoatrial conduction abnormalities 
exist in the sick sinus syndrome, the phenomenon of 
entrance block into the sinus node during atrial pac- 
ng may be a significant factor to consider even at rel- 


atively slower pacing rates. This would emphasi: 
ei need to employ a wide range of pacing rates | 


ating patients with this syndrome. It appear 
optimal rate of continuous atrial pacing is n 
to evaluate sinus nodal function which may b 
mined when the maximal pause decreases wit 
ther increases in the driving rate. Preliminary 
vations suggest that the first escape cycle an 
bly the maximal pause may not be constant 
peated periods of atrial pacing at the same 
duration. This would further confuse the i 
tion of data derived from the use of this te 

In spite of these limitations, under prope 
tions and with appropriate attention to th 
right atrial pacing, this technique may be us 
the clinical evaluation of symptomatic pati 
sinus nodal dysfunction. The results abtained 
most likely predict the effect that sudden cessati 
a spontaneous supraventricular tachyarrhyt 
would produce in these patients. 
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As a prelude to a study of severe ischemic heart failure, the therapeu- == 
tic response of the ischemic ventricle to epinephrine and acetylstro- m 
phanthidin in nontoxic doses was determined in 24 intact anesthetized 
dogs undergoing a first episode of acute regional ischemia. A. throm- 
botic obstruction was produced in the left anterior descending coro- - 
nary artery, effecting moderate left ventricular dysfunction. The eleva- Pegg 
tion of end-diastolic pressure and reduced stroke volume in control - qo 
dogs were not significantly altered by administration of strophanthidin. . 
Epinephrine (0.05 ug/kg per min) elicited a significant reduction in... . 
end-diastolic pressure and increase in stroke volume. The latter was » 
not attended by an increased incidence of ventricular fibrillation, uem 
whereas fibrillation occurred in half of the group given strophanthidin. 
Thus, the catecholamine was selected to study pump failure... 
Severe ischemic heart failure was assessed in two groups with sca 
from previous infarction for up to 4 hours. By 60 minutes of ische 
the increase in end-diastolic pressure and volume. and decrease 
stroke volume and ejection fraction were comparable in both .grou s 
Thereafter, alternate animals received small doses of epinep 
(0.05 to 0.15 uc/kg per min) with graded increments at 60 minute 
tervals to counter tachyphylaxis and findings were compared wit 
those in control dogs. Over the subsequent 3 hours, there was prog 
sive deterioration of left ventricular function in the untreated group wit 
an increase in end-diastolic pressure from 10 + 1 to 33 + 2.4 mm Hg. 
End-diastolic vclume increased by 63 percent; stroke volume and 
ejection fraction decreased by 48 and 66 percent, respectively. The cud 
infusion of epinephrine was attended by a significantly lower end-dia- 
stolic pressure of 20 + 2.5 mm Hg, whereas end-diastolic volume, 
stroke volume and ejection fraction were restored to control levels. 
after 4 hours of ischemia. Mortality in the untreated group was 62 per 2. 
cent by 4 hours; all seven animals in the treated group survived. : 




























'The pump failure syndrome attending myocardial infarction hag no ; 
proved consistently responsive to medical therapy. This may in. part. 
be related to the heterogeneity of myocardial abnormalities and a: a 
inability to direct therapy to a specific hemodynamic problem. Inad- ^. 
dition, pharmacologic interventions may have diminished effective- ` : 
ness late in the course of this syndrome. To evaluate the efficacy. of eee 
early intervention with an inotropic agent, we have used an animal — 
model in which severe left ventricular dysfunction occurs. during - AA 
acute regional ischemia when scar from prior injury is present, with = 
an increase in filling pressure approximately threefold Breater than E 













Prior experimental studies have suggested that. the inotropic » 






ance ventricular function. This response was as- 
ated with an apparent diminished incidence of 
tricular fibrillation’ in contrast to that attending 

rer doses. 
Je have taken two approaches for this study in the 
ict anesthetized dog. First, the comparative re- 
mses to nontoxic doses of epinephrine and acetyl- 
rophanthidin were assessed during acute ischemia 
the previously normal ventricle. These data indi- 
cated that small doses of epinephrine resulted in a 
superior therapeutic response. For the second phase 
'of the study, we therefore chose epinephrine to deter- 
mine if a sustained therapeutic response could be 
chieved for several hours in the pump failure syn- 
rome resulting from ischemia. Graded doses of epi- 
ephrine were used to correct for tachyphylaxis. Ven- 
tricular function and mortality during 4 hours of 
‘ischemia were compared in treated and in untreated 

ontrol dogs. 
is Methods 


First series: Healthy, male mongrel dogs between 2 and 
ears of age and weighing 21 to 28 kg were selected. He- 
ynamic studies were performed in the following groups 

f dogs. The first series, Groups A, B and C, consisted of 
reviously normal dogs undergoing regional ischemia pro- 
ed by a thrombus in the left anterior descending coro- 
artery for a period of 60 minutes. No animal in this se- 

es received antiarrhythmic agents. Group A served as un- 
eated control dogs. Group B received acetylstrophanthi- 
3 ug/kg, after 30 minutes of ischemia, a dose that is 

xic in the normal animal.® Group C received an infu- 

ion of l-epinephrine in a dose of 0.05 ug/kg per min after 


dy n to be nonpressor dicati that x 30 mi minutes of ischemia. This di is no À oxi 


the first episode of ischemia this hormone can - 


dogs and produces a modest: inotropic effect, : as des 
in the second series, Group 1. 

Second series: To assess the efficacy oh eines ri 
dogs with scar from previous infarction during a se 
isode of ischemia, three additional groups (secon 
were studied. Group 1 (no. = 7) were normal dog: 
ceived infusions of epinephrine in doses of 0.05, 
0.15 ug/kg per min with increments at 60 minute i 
Animals in Groups 2 and 3. were randomly: selecte 
treatment or control studies. Group 2 (no. = 8) con: st 
dogs with scar from previous infarction; they we 
during the second episode of myocardial ische 
were given saline solution in a volume equivalen 
volume of epinephrine solution given to Group. 1. 
in Group 3 (no. = 7) also had scar of previous infarcti 
received graded doses of epinephrine beginning at € 
utes of ischemia when the hemodynamic abnorma i 
usually stabilized. 

Scar was produced surgically, at least 12 Heak 
the study, by suturing the left ventricular pos 
wall near the apex. A double row of continuous inte 
sutures about 2 mm deep was used, encompassi: 
of approximately 2 by 2 cm. This scar has a dis 
similar to that produced by obstruction of the ci 
artery. Using strict hemostasis and sterility, there 
ally minimal pericardial adhesion. 

Production of myocardial ischemia: Ani als 
anesthetized with 2 mg/kg of morphine sulfate. 
of pentobarbital sodium (Nembutal®). Ventilation w: 
ulated by a Harvard respiratory pump through à 
dotracheal tube to maintain arterial pH and p; 
sure of oxygen within normal range. Àn electrod 
was placed in the left anterior descending artery fo 
bus production,? usually producing complete obstr 
the artery approximately 1.5 cm from its origin. Bi 
from collateral vessels results in tissue perfusion the 


omparative Hemodynamic Response During Epinephrine and Acetylstrophanthidin Infusions in Regional Myocardial isc 


Left Ventricular 
End-Diastolic 
Pressure (mm Hg) 


Mean Aortic 
Pressure 
(mm Hg) 


Heart Rate 
(beats/min) 


Stroke Volume (ml/kg) 





dP/dt . 
Ejection Fraction (mm Hg/sec): 





C E C E C 





NS 
NS 
NS 


s ; dee a ione: Group B= ischemia + acetylstrophanthidin; Group C = 


0.12* — 2842 


0.01 212 
0.18* 2147 


0.00 248 
0.25 — 2322 


0.02 110 
NS 
«0.05 
«0.02 





ischemia + epinephrine. 


= experimental value at 40 minutes of. ischemia; NS = = ‘not significant, SEM = standard error of the me 


ular fibrillation. DEG LEE 

































































t was administered after the initial 
circulatory effects of procainamide so 
iown to last only for minutes? and the 
ilarin Groups 2 (180 + 18 mg) and 3 (168 
is improbable that the antiarrhythmic drug 
to the hemodynamic differences observed in 
ups after 1 to 4 hours of ischemia. 
ynamie measurements: Catheters were placed 
ry artery, left ventricle and root of the as- 
ne maintained patent by infusion or inter- 
small volumes of saline solution. The 
in catheters were connected directly to 
Ib strain gauge transducers and recorded on 
nel oscilloscope recorder (Electronics for Medi- 
st derivative of the left ventricular pressure 
as computed continuously by a resistance- 
ifferentiating circuit and converted into milli- 
ercury per second. Ventricular diastolic pres- 
corded at sufficient sensitivity so that 1 mm Hg 
nm on the tracing. All measurements were made 
piratory phase of the respiratory cycle. 
tput and left ventricular end-diastolic volume 
ined in duplicate by the dye-dilution tech- 
ndocyanine green.!? Duplicate determinations 
cular end-diastolic volume in our laboratory 
¿reproducibility with a correlation coeffi- 
.! Although an absolute test of accuracy in vivo 
ible, results of three studies comparing the indi- 
| technique with independent methods have 
agreement. 11-13 As an approximation of the in- 
te of the ventricle, the contractility index of 
vinson!4 expressed as (dP/dt /MIP)/2zr was used, 
t is the maximal rate of left ventricular pressure 
ie maximal isovolumic pressure and 2r is the 
al fiber length used to normalize the index for 
different size, in which the radius is derived from 
ic volume measurement. To evaluate the 
itral regurgitation, 5 ml of Renografin® was 








sutvivors and observed under fluoroscopy. In 
is the angiographic dye seen to regurgitate 
mitral valve. 
conclusion of the experiment in dogs with isch- 
blue dye was injected through the coronary ar- 
ter to delineate the ischemic area after arrest of 
sither spontaneously or as a result of application 
hger's solütion. The colored and noncolored areas 
d and weighed. In dogs with previous myocar- 
ction, the location and distribution of the scar 
ted and the weight of the excised scar was relat- 
aft ventricular weight. Statistical variations 
ressed as standard error, and a paired or non- 
tudent t ‘test was applied as appropriate, 15 


Results 


tnimals undergoing ischemia usually manifested 
segment elevation in standard lead I and had 
tricular arrhythmias. Those with S-T elevation in 
cordial leads but not in lead I were assumed to 

















emia, procainamide was administered _ 
ided dose, not exceeding 10 mg/kg. 


he left ventricular chamber at the end of the’ 


relatively. small area vor ischemia and were not __ to 60 minute period 








m pu i 
ischemia: Animals that died i in the: initial 30 minutes 
of ischemia were not included in this study. After 40 
minutes of ischemia in the seven surviving untreated 
animals of Group A, the stroke volume declined an - 
average of 15 percent and end-diastolic pressure in- 
creased by 90 percent (Table I); heart rate and mean 
aortic pressure did not change significantly. Ejection 
fraction and dP/dt were reduced by 43 percent and: 
30 percent, respectively. E 

In the nine surviving animals of Group B, acetyl- 
strophanthidin in a dose of 0.03 ug/kg was adminis- 
tered after 30 minutes of ischemia. The hemodynam- 
ic changes before treatment were similar to those. in 
Group A. Serial hemodynamic observations. were 
made at 2 minute intervals. The peak effect: of stro- 
phanthidin, as judged by dP/dt, was observed be- 
tween 8 to 10 minutes after administration of the . 
drug (Table I). Hemodynamic measurements were : 
accepted as valid only during a period free of ar- 
rhythmias. These were compared with corresponding 
periods in the untreated Group A. The increase in 
left ventricular end-diastolic pressure and reduction | 


in ejection fraction and stroke volume persisted after. 
administration of strophanthidin to a similar extent ^. 
as in the untreated group, despite a significant in- < 
crease in dP/dt in Group B. Thus, hemodynamic |. 
evaluation during early ischemia after administration = | 
of strophanthidin revealed no significant improve- | 


ment in left ventricular performance. E 

In the eight animals of Group C, an infusion of l- . 
epinephrine bitartrate in normal saline solution was: 
started after 30 minutes of ischemia. The end-dia 
stolic pressure had increased by 80 percent and 
stroke volume and ejection fraction decreased from 
control levels by 18 and 45 percent, respectively, be- 






fore treatment. These changes were comparable to 


those of Group A for the same time period. Hemody- 
namic evaluation at 40 minutes of ischemia revealed 
a substantial improvement in left ventricular func- 
tion during epinephrine administration when com- 
pared with findings in both Groups A and B (Table. 
I). End-diastolic pressure was reduced to levels sig- 


nificantly less than in Groups A and B (P «0.05), A 


This was associated with increases in stroke volume .. 
and ejection fraction to near control levels after ad- ` 
ministration of epinephrine (P «0.02). The therapeu- . 
tic response persisted through 60 minutes of ischemia 
and was associated with small but nonsignificant 
changes in heart rate and mean aortic pressure. 

The incidence of ventricular fibrillation among 
the original 10 animals of Group A during 30 to 60 
minutes of ischemia was 30 percent, whereas in 
Group B the incidence was increased to 53 percent; 
none of the animals in Group C manifested ventricu- 
lar fibrillation durin, epinephrine infusion. In this 30. 

e incidence of ventricular ar- - 
,more than. five ventricular ectopic 





























dynamic Responses to Graded Doses of Epinephrine ir in Six x Normal Dogs (Group 1) 


Left Ventricular 
End-t Diastolic 


Mean Aortic 





Pressure 
(mm Hg) 


Heart Rate 
(beats/min) 





Pressure 
(mm Hg) (ml/kg) 


Volume Stroke Volume Ejection ^ — 
(mi/kg) Fraction... 





104 105 
10 


l 0.1 ng/kg per min 
.90 min 


1.68 k: 0.30 
0.05 


0.38* 
0.05 
0.32 
0.04 


0.34*- 
0.03 
0.35* 
0.03 


0.46* 
0.08 
0.32 | 
0.06 . 








Abbreviations as in Table |. 


sats/min for a total of at least 5 minutes of isch- 
ia) showed a substantial increase to 18 of 19 in 
jup B whereas the incidence in Groups A and C 
was 7 of 10 and 3 of 8, respectively. The percent of 
he left ventricle and septum rendered ischemic as 
dged by distribution of Evans blue dye was 33.9 + 
2.4 percent in Group A and 35 + 1.9 and 33 + 2.2 per- 
cent, respectively, in Groups B and C. 


Second Series 


Response to graded doses of epinephrine in 
ormal dogs (Group 1): To correct for the decay ob- 
erved after the peak inotropic response, graded 
oses of epinephrine were infused in six normal dogs 

h increments at 60 minute intervals (Table II). 
fleasurements were made at the end of each infusion 
eriod.and compared with control values. There were 
tatistically significant rises in mean ejection frac- 

tion, stroke volume, dP/dt and end-diastolic volume; 

end-diastolic pressure, mean aortic pressure and 

heart rate were not significantly altered. A sustained 

positive inotropic response to graded doses of epi- 
-mephrine was thus observed in normal animals. 

Response in dogs with previous myocardial 

scar undergoing second episode of ischemia: Dur- 

acute ischemia, these animals manifested S-T 

nt elevation in lead I with a progressive in- 

in Q wave amplitude and decrease in R wave 


de for up to 4 hours. Of the original 30 ani- . 
dared for the js, i died A hiring the first - : 





60 minutes of ischemia as a result of ventri 
brillation or shock. The remaining 15 were al 
ly selected for the control and treatment grou 
up to 3 hours of subsequent observatio 
data before the ischemic episode were com 
Groups 2 and 3 except for a modestly but signi 
ly increased mean aortic pressure in Group 2 
ever, the increase was not of sufficient magn 
produce an elevated end-diastolic pressure à 
ume or reduced stroke volume or ejection, frac 
this group. 

Course of hemodynamic events in Grou 

= 8): At the end of 60 minutes of ischemi; 
volume declined an average of 46 percent (P 
ejection fraction by 65 percent (P «0.001) 
of contractility by 52 percent (P «0. 001) 
diastolic pressure and volume increased si; 
by 154 percent (P «0.001) and 32 percent 
respectively (Fig. 1). In the subsequent 
ischemia, there was progressive deteriorat 
ventricular function, characterized by a fui 
crease in both end-diastolic pressure. and ^ 
association with a reduction in stroke voh 
tion fraction and the index of contractility 
Fig. 1). The changes in heart rate ànd me 
pressure remained statistically - ‘insignific: 
though an occasional animal had a large ch 
heart rate, the ventricular responses were sim 
those of animals without heart rate alteration, a 


ing that may have been related to the gradual, rat 












FIGURE 1. Course of hemodynamic 
events in untreated ischemic. heart 
failure (Group 2). At the end. of the. 
1st hour of ischemia there was a sig- 
50 NS nificant decine of stroke volume and 
ejection fraction whereas end-diastol- 
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40 : z ic volume and end-diastolic pressure. 
"b 77 7 7 30 3 m g a ro me ae T on 
YY E f ventricular function flected in 
^ p ] ^ 20 à E d : father norme Pede 
p 7A A Yj and ejection fraction. At 4 hours e i 
eb a6 aA 132 As redd ischemia, there were only three survi- >. 
DUE t 6 7 scd g vors ae group. Mean aortic pres- te 
ET "7 104 107 102 HR ( beats/min) ah fai dao SEM Manda 


OH 10 10 i2 t SEM error of the mean. 











t, change in rete. In this group, only three and Figure 2. In seven dogs of Group 3, the left ven-. bs 
mals survived for more than 3 hours of tricular responses before treatment at the end of60 . 





minutes of ischemia in regard to stroke volume, ejec- 
amic response to systemic infusion of tion fraction, end-diastolic pressure and end- diastolic Hohe 
n Group 3 (no. = 7): The hemody- volume were comparable to those observed in ani- 


mals of Group 2 (Fig. 3). The infusion of epinephrine hae 
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URE 2. Response to graded doses of epinephrine in ischemic heart failure (Group 3). At the end of the 1st hour of ischemia 
ant decline in stroke volume and ejection fraction; end-diastolic pressure and end-diastolic volume increased concurrently 
ne- during the next 3 hours prevented further deterioration of left ventricular function without a significant change of 
in aortic pressure (Ko). There was a significant reduction in end-diastolic volume and pressure and elevation of stroke vo 
‘action to control levels. SEM = standard error of the mean. : 
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| t test compaiting C with E. x ou m m pei * 
red t test for comparison of response C with E between Group 2 and Group 3at 3 hours of ischemia. — 
mental value after 3 hours of ischemia and pinephrine infusion; other abbreviations asin Table I. 
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m asin n Table L 


doses of 0.05, 0.1 and 0.15 ug/kg per min 
iated after 60 minutes of ischemia. Heart rate 
ortic pressure remained unaltered, but 
| progressive increase in stroke volume, 
fraction and index of contractility to control 
is occurred despite end-diastolic pressure 
ime levels significantly lower than those of 
hus, although left ventricular performance 
gressive deterioration in untreated ani- 
fusion of epinephrine was associated with 
lly higher stroke volume despite reduced 
essure and volumes. 

ount of left ventricle and septum rendered 
s judged by the distribution of Evans blue 
ed into the left anterior descending coro- 
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vilar in both ‘groups. The perce nto 


cle, with rare extension to endocardial layers. - pt 
Incidence of ventricular ectopic activity and 
mortality rate in Groups 2 and 3: Ectopic beats ` 
were less frequent in both groups after the 1st hour of 
ischemia. The percent of animals with ventricular ec- 
topic beats greater than 5/min for at least a 5 minute . 


period, was estimated by oscilloscopic monitoring. .. vx 


The incidence was seven of eight in the untreated 
group and four of seven in the treated group. Thus, 

there was no apparent increase in ventricular ectopic 
activity during epinephrine infusion in the treated 


group. More definite data on rhythmicity was ob- d | 
tained from a comparison of the incidence of ventric- 


ular fibrillation. The progression of hemodynamic 
abnormalities in the untreated group was associated 
with ventricular fibrillation in five of the eight ani- 
mals between 2 hours, 45 minutes and 4 hours of 
ischemia (Fig. 4). All seven animals in the treated. 
group survived the 4 hours of ischemia. 


Discussion 


Controversy exists over the role of acute digitaliza- . 
tion during myocardial ischemia. Our observations on `- 
the response to strophanthidin during the Ist hour of 
regional ischemia are in agreement with results of a — 


S 


ce canis 


IHR. |» 


FIGURE 3. Comparison of the effect of epi- ; 
nephrine in ischemic heart failure (Group 3). At ~ 
N.S. P«.00 
.... {left panel) and the treated group (right 

bn k 






{Table D. ‘Gear distribution was predominantly epi. xr 
cardial, usually penetrating into the middle third of... 
. the myocardium and base of posterior papillary mus- s 





1 hour of ischemia, dogs in the untreated group — a 








ior study? showing that filling pressure was not di- 


ished and stroke volume not enhanced by this 
went. In both studies, as well as in an additional ex- 
ment in pigs,? the incidence of ventricular ar- 
'hythmias increased after administration of the digi- 
is preparation. The reduced efficacy of this agent 
ppears to be most evident in the earliest hours of 
ischemia, since a normal response has been observed 
fter 1 week.? While there are no equivalent toxicity 
dies in man, a stroke volume increment has not 
been observed when glycoside is administered be- 
- tween 12 hours and 5 days after acute infarction.!®!7 
; However, a reduction of left ventricular filling pres- 


sure may be effected at some time after the earliest 


period of ischemia.!7 
In view of these observations our study has focused 
on the usefulness of a catecholamine in the manage- 
. ment of ischemic heart failure. In considering a suit- 
able experimental model for the study of pump fail- 
"ure during acute ischemia the myocardium with scar 
appeared to be an appropriate analog.! When a major 
‘branch such as the left anterior descending coronary 
rtery is occluded in dogs with a previously normal 
ntricle, the associated hemodynamic abnormality 
| relatively minor and serious ventricular arrhyth- 
mias are the rule.? 'This is the case despite the fact 
hat the acute ischemic area is of similar magnitude 
both circumstances, approximately one third of 
he left ventricular mass. In addition, severe cardiac 
compensation during infarction in man is common- 
associated with prior abnormality of the left ven- 
tricle.15.19 
: In an attempt to approximate comparable areas of 
‘ischemia in the control and treatment groups, we lo- 
cated the thrombotic occlusion about 1.5 cm from the 
- origin of the anterior descending artery. This site was 
-associated with a relatively large area of ischemia in 
view of the fact that each dog had S-T segment eleva- 
tion in lead I. More direct evidence was obtained 
from injections of Evans blue dye distal to the ob- 
truction in the arrested heart. The percent of left 
ventricle colored by dye was substantially the same 
in both groups, presumably because none of the 15 
animals had diagonal branches originating proximal 
0 or at the site of the thrombus. The hemodynamic 
tatus of the two groups generally appeared to be 
comparable; although before the onset of ischemia, 
systemic arterial pressure was moderately higher in 
the untreated animals of Group 2, the increase was 
apparently not sufficient to alter left ventricular he- 
modynamic variables. Furthermore, for up to 60 min- 
utes of ischemia, when treatment was begun in alter- 
nate animals, the two groups exhibited alterations in 
ft ventricular function that did not differ signifi- 
ntly. 
Enhancement of left ventricular performance 
;pinephrine: The importance of the cardiac ad- 
nergic system in the mechanical responses of the 
> during ischemia has previously been dem- 
ed in animals subjected to chemical sympa- 
'or beta adrenergic blockade?? that resulted 
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FIGURE 4. Comparison of sued rates in dogs with vient 
treated ischemic heart failure at 4 hours of ischemia. The 
numbers represent the number of animals surviving in each ç 


in enhanced depression of ventricular function. 
data presented here indicate that small doses of 
nephrine in the ischemic myocardium with heart 
ure produce a sustained increase in left ver 
performance without undesirable side effects such 
dysrhythmia, sinus tachycardia or hypotension 
though not established by our study, the response 
small doses of epinephrine may be due to an act 
on both ischemic and nonischemic muscle since 
increase in contractile force measured directly in th 
ischemic area during infusion of a catecholamin 
been reported.?! Enhanced ventricular perform 
may thus result from a more coordinated vent 
contraction at least in the initial few hours afte 


Comparison with other catecholamines 
inotropic agents: Epinephrine has several poten 
advantages over other catecholamines that ma: 
crease afterload or sinus rate. The endogenous. 
ma levels during acute infarction are not elevated 
the extent of those of norepinephrine.?? Epine 
in doses substantially larger than those used i 
study has been found to be arrhythmogenic in 
later stages of experimental infarction. At relativ 
large doses associated with sinus tachycardia, is 
terenol apparently augmented the extent of my: 
dial ischemic injury in previously normal he 
undergoing acute ischemia.?? This occurred - 
nonfailing heart and presumably resulted froi 
stantial increase in myocardial oxygen d 
relation to oxygen supply. However, doses o: 
terenol small enough to have little or no e 
heart rate have recently been shown to imp 
ventricular failure acutely during ischemia prod: 
by coronary embolization.?* 

Inotropic intervention with digitalis in. a 
heart has been observed to decrease myocard 
gen consumption and to reduce the extent ane 
ty of myocardial ischemia,” so that inotrop 
vention does not necessarily extend the area o: 
ry. Preliminary observations utilizing precord 
mapping of S-T segments in two animals of thi 


study treated with epinephrine support. this 


since there was no o evidence of infarct extension in 






















s, the use of epineph- 


n e without intensifying ischemic 


























































j ud yy the response of maximal left ven- 
IP/dt (Table I). The more substantial in- 
ise of stroke volume in normal dogs is presumably 
to enhanced diastolic relaxation described 
ephrine?6; the increase in end-diastolic vol- 
in part be dependent on enhanced venous 
investigation, we have not established 











oed incidence of ventricular arrhythmias 
brillation: Previous studies of the influence of 
echolamines? or sympathetic nervous?" stimula- 
tion during early or late ischemia have shown an in- 
ase i in ventricular arrhythmias or fibrillation. 'The 
investigation examined the early ischemic peri- 
employed a relatively large stimulus eliciting 
increments of arterial pressure and heart 
ie former study, relatively large doses of 
amines were given as a bolus injection over 
s. By contrast, our study was marked by a 
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y. by decreasing diastolic ten- 
alogous to the effect of digitalis, - 








si ld range that 
elici | no increase of ectopic activity in the dose-re- 
sponse assessment of Maling and Moran? (compare 

Fig. 2). A sustained infusion of small quantities of 
epinephrine has previously been observed to reduce 


ventricular arrhythmias after administration of stro-. oe 


phanthidin.?5 l 
Since there was no significant variation in thé size’ 
of the ischemic area, a difference in incidence of fi- 
brillation on this basis?? would not be expected; there 
was no difference between the two groups in the 
number of animals that died from fibrillation in the. 
initial 60 minutes of ischemia before the treatment . 
period. The reduced incidence of fibrillation after ad- 
ministration of epinephrine in animals of the first 
and second series may be secondary to improved ven- 
tricular function or redistribution of transmural 
blood flow. However, a more direct electrophysiologic 
effect may exist since conduction delay, analogous to — 
that occurring in ischemic tissue, has been at least 
partially overcome by this hormone.?? A reduced loss 
of potassium ion from ischemic myocardium, pre- 
viously observed in response to small doses of norepi- 
nephrine,* may contribute to this response. The par- - 
adoxical decrease in arrhythmias after chemical sym- 
pathectomy or beta adrenergic blockade?? may well . 
be related to the lower level of cardiac work and ex- 
tent of injury during initiation of ischemia. 
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emic | Heart Disease and Other Caicos 


Sed for fet is Gösta Tibblin, MD, Medi- 
nti Queis Rests, ans Ra 
e - terol, Which tends to increase with age. 


As part of a study of the male population in an industrial city in Swe- 
den, one third of all male inhabitants of Góteborg born in 1913 were in- 
vited to an examination in 1963. Of those invited, 855 (88 percent) ac- . 
cepted. This report examines the incidence of nonfatal myocardial in- 
farction and death from ischemic heart disease and other causes n 
this group of men during the ensuing 10 years. i 
There were 61 deaths; autopsy was performed in 56 4 cases. Nine- 
teen men died of ischemic heart disease and 18 of cancer; 12 men- 
died violently. Thirty-one men survived an acute myocardial infarction... 
Cigarette smoking and registration with the Temperance Board at the © 
time of the initial examination were more common in men who later _ 
had a nonfatal myocardial infarction or died of ischemic heart disease — 
or other causes than in surviving subjects and men who did not have. . 
an infarction. Dyspnea was more common in mean who died of isch- 
emic heart disease but was less common in those who died of other 


causes than in the remaining subjects. Values for systolic blood pres- — 


sure were higher and those for peak expiratory flow lower in men who 


died of ischemic heart disease. Serum cholesterol values were higher . us 
and those for serum triglycerides tended to be higher in men who died 
of ischemic heart disease than in other subjects. Heart size tended to. 


be greater in those who had nonfatal or fatal ischemic heart disease. 
Obesity, the level of physical activity, fasting blood glucose levels, cof-. 


fee consumption, hematocrit and erythrocyte sedimentation rate as- an : 
determined at age 50 years had no predictive value for assessing the —_ 
risk of nonfatal myocardial infarction, fatal ischemic heart disease or — 


death from other causes before age 60. The results indicate that many 
so-called risk factors have a different relation to fatal than to nonfatal 
ischemic heart disease. l 


Investigators are agreed that age has an important bearing on the de- 
velopment of ischemic heart disease although the rather small inci- 


dence of this disease, especially in young persons, has made it diffi- 5 
cult to study populations within narrowly defined age groupings. In 0 


most studies, subjects have been classified within age spans of 10 or- 


more years; frequently the age ranges at entry have been 30 to 49 or... 
50 to 59 years, and there has been no clear description of the distribu- ~ 
tion of the population sample within these age ranges. The effect may — 
be to skew data on risk factors and other variables, although most in- . 
vestigators try to compensate mathematically for possible distortion. |. 


This possibility constitutes one good reason for eliminating the age 
factor in prospective studies. Another is that several of the conven- 
tional risk factors, such as serum cholesterol and blood pressure, are 


in themselves age-related. Furthermore, all risk factors carry a differ- ; E. 


ent weight at different ages. For example, many studies may underes- _ 


- timate the importance of smoking, which tends to decrease with age, 


or exaggerate the signifi icance of increased blood | pres. or choles- . 
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ze and sex. It is intended to answer the fol- 
in; questions: Are there differences among groups 
fied as having (1) nonfatal myocardial infarc- 
fatal ischemic heart disease, (3) death from 
causes, or (4) no disease? If so, can such differ- 
(s be explained by differences between one or 
more of the first three groups and the group with no 
sease? Furthermore, are there differences between 
ike group with nonfatal myocardial infarction and 
2 the; group with fatal ischemic heart disease? 

















Study Population and Methods 


5. All inhabitants of Sweden have a national registration 
number that includes their date of birth and other vital 
tics. Names, addresses and registration numbers are 
stered with the official county census bureau and were 
iccessible before the sample was drawn for the present 
udy. The study population was recruited from men living 
Göteborg, Sweden, born in 1913 and still alive at age 50 
ars (1963). All men meeting these criteria who were born 
date divisible by three—that is, the third, sixth, ninth 
ay (and so-on) of each month—comprised the study sam- 
ple. Nine hundred seventy-three men met these criteria. Of 
ese 855 (88 percent) agreed to be examined in 1963 at 
ren's Hospital, Góteborg.! 
f the 118 nonparticipants, 7 had died, 4 were hospital- 
nd 9 did not live in the town at the time of the inves- 
on. The remaining 98 men refused study for various 
1s, usually because of a negative attitude toward med- 
are. Compared with participants, nonparticipants had 
lower mean income, were more frequently unmarried and 
ore often registered with the Temperance Board. 
tly more nonparticipants than participants had ob- 
ined sick allowance.” 
For most of the participants (847 persons) complete rec- 
ords for the present analysis were available. It was also pos- 
sible to trace the death certificates of the men in the overall 
study sample who died in Góteborg between 1950 and 1963, 
that is; between the ages of 37 and 50 years. A total of 33 
ths had occurred, only 4 of which had been listed as due 
ischemic heart disease. 
A detailed medical history was obtained from each par- 
ticipant, and all clinical examinations were performed by 
one of us (G.T.). Examinations were performed in the 
orhing, with the subjects fasting until after blood sam- 
pling 
_ “A parental death score was constructed, an analysis fa- 
eilitated by the identical age at entry (50 years) of all par- 
ticipants in the study. The cause of the parents’ death was 
ot taken into account because the data could not be veri- 
fied. Participants received 1 point if a parent had died be- 
fore age 65 years, 2 points if the parent had died between 
the ages of 66 and 79 years, 3 points if the parent was living 
‘and aged 66 to 79 years and 4 points if the parent was living 
or had died after age 80 years. Thus, a subject received a 
minimal score of 2 if both parents had died before age 65 
years and a maximal score of 8 if both parents were still 
had died after age 80 years. 
roups.in the ABO, Rh, Kell, Duffy and MN sys- 























































































I esent tatudyi is part of a long-term investiga- " 
elopment of ischemic heart disease and — 
diseases in a random population sample of the - 


i cigarette, smoking 15 to 24 cigarettes/day an 


etermined according to methods described ear- 
-. veians or pathologists, respectively. Since Nov: 
all clinical cases of myocardial infarction have 






a ysis of smoking data the subjects were grouped. 





: never and, stopped sani sakiy It 





ing 25 or more cigarettes/day. "Those who smoked o: 
gars, “cigarillos” or a pipe (75 subjects) were classi: 
single group without consideration of their exact co; 
tion. In part of the analysis those who had never 
and former smokers were grouped together, thos: 
smoked 1 to 14 cigarettes a day were referred to a 
group and those who smoked 15 cigarettes a day 
were referred to a third group. S 

Coffee consumption was assessed by intervie nd 
corded as the mean number of ordinary cups coni 
each day. k 

Reliable data concerning alcohol consumption 
cult to obtain from interviews, but in Sweden re 
local temperance boards provide some guide to i 
intemperance. Board registration may cover the 
from severe alcoholism to a single offense of dri 
with a high level of alcohol in the blood. The reco 
vide minimal data since heavy alcohol consumption 
may be socially acceptable or take place only in the 
does not lead to board registration. Nevertheless, ‘ 
cent of this representative population sample of 50 y 
men had at some time been registered with the temp 
board. 

Physical activity during work was classified as sel 
tary, moderate or heavy according to the type of occup i 
held at age 50 years. 

Dyspnea on exertion was defined according to the cri 
ria of Rose and Blackburn.* Subjects experiencing. 
when hurrying on level ground or when walking up 
hill or undertaking other less taxing exertion were 
fied as having dyspnea. 

Blood pressure was measured by the same: ob 
throughout the study after a 5 to 10 minute interv: 
the subject seated. Both systolic and diastolic blood 
sure were measured to the nearest 5 mm Hg. Men fo 
have casual blood pressure readings of 175 mm H; 
systolic and 115 mm Hg or more diastolic were given 

ment. This fact has to be considered when high blood 
sure is discussed as a risk factor in this study. 

Measures of overweight—obesity— were obtain 
measuring skinfold thickness and calculatin 
weight. The latter was obtained by dividing. th 
weight in kilograms by the height in centimet r 
100. à 

Heart rate at rest was determined from the resti 
trocardiogram. Peak expiratory flow, as descr: 
Wright and McKerrow,® was measured with patients. 
ing; the mean of three measurements was used. | 

Heart volume was determined from full scale 
grams of the chest in the frontal and the ob. 
projections according to the technique of Jonsell. 
were interpreted by the same roentgenologist. The 
figure in milliliters was related to the body surf: 
square meters. 

The fasting levels of serum cholesterol.and se 
glycerides, blood sugar, hematocrit and. erythrocyte 
mentation rate during 1 hour were detérmined at thi 
laboratory, and regular checks were performed to- 
mine the accuracy of these methods.! j 

The criterion used for diagnosis of acute isch. 
disease. was (1) hospitalization with the clinical 
of myocardial infarction, or (2) fresh ischemic he. 
at autopsy. The diagnoses were established by the € 

















































































































heart dissase- 

yocardial infarction 11 

ute ischemic heart disease 8 (1*) 

ul onary carcinoma 9(1*) 
9(2*) 

12 

12 0*) 

31 































/ 10 did ‘not undergo autopsy. 





poration with the World Health Organization in 
ial.Infarction Register. The clinical criteria for 
ial infarction used in this study were those adopt- 
‘Swedish: Society of Cardiology: central chest 
ck or syncope suggesting a myocardial infarction 
ith a typical transaminase spectrum or appear- 
athologic Q wave or localized S-T changes in the 
gram. The criterion for ischemic heart disease 
as a fresh myocardial scar or, in the absence of 
ically observed scar, total or almost total oc- 
oronary artery together with a medical history 
yocardial infarction or sudden coronary death. 


ourse of Subjects Who Died of 
rt Disease 


















Duration of 


D » Acute. Symptoms Hospitalization 








x Days No. 





Days Yes, 2 hours 
Days Yes, 1 day 
Days Yes, 9 days 
771 1/2 hours No 
;. 10 hours Yes, other disease 





0. 49 hours No 
Days Yes, 1 hour 
30-7 Yes, operation for 
gium ul infarction 
« Day Yes, 1 day 
Days Yes, 13 days 













Found dead No 


202. Seconds No 
13/2 hour No 


Seconds No 

> Seconds _Yes, other disease 
E oo No 
No 

NO 











i nonfatal myocardial infarction, fatal is 









m E 
and death from other causes. If none of these ‘end points 
occurred during the 10 year follow-up period the s subjecta : 
were classified as having no disease. E 

For the statistical study chi-square ahalak: was used to g 
test the equality of distributions of quantitative variables Ag 
in the four groups. No further statistical analysis was per- © 
formed if significant differences were found. Analysis of 
variance was used to test equality of means. If significant — 
differences between means were found, these differences 
were localized by the Scheffé method. The significance 
level of P = 0.05 was used. 

The group with no disease was separated into quartiles 
(25 percent of the subjects in each group) according: to 
values for systolic blood pressure, peak expiratory flow and S 
serum cholesterol. E 

The cutoff points obtained were then used to define the — 
distributions in the three end point groups (see Fig. 5 to 7). : 








Results 


Fatal and Nonfatal ischemic Heart Disease 


This analysis concerns findings in the 10 year fol- o7 
low-up period from entry in 1963 to the end of June — 
1973. The number of events—nonfatal myocardial - 
infarction and death from ischemic heart disease or . 
other causes—is shown in Table I. Of the five 
subjects who died but did not undergo autopsy, one 
had a clear-cut sudden cardiac death and was classi- 
fied in the group with ischemic heart disease. Of the 
other four, three died of cancer and one had a fatal 
accident. The clinical course of the men who died of 
ischemic heart disease is presented in Table IL  . 
Thirty-one men with nonfatal myocardial infarction 
were treated at the hospital. à 

Of these 19 subjects who died with a diagnosis of E 
ischemic heart disease, all except 1 had severe coro- . 
nary atherosclerosis (Fig. 1). Seven of the 11 who had: 
a fresh myocardial infarction at autopsy also had an 
old scar indicating an earlier myocardial infarction. = 
The majority of those who died of other causes had > 
few signs of coronary arterial changes or myocardial = 
scars. Two subjects with fresh myocardial infarction 
at autopsy had died with other clinical diagnoses, ex- 
tensive bronchial carcinoma in one, and severe aortic 
stenosis in the other. 

Most of those with a fresh myocardial infarction at Su 
autopsy had a history of chest pain lasting for atleast ^. 
1 hour. Eight of 11 were hospitalized. Of those who . 
died of acute ischemic heart disease all died within 30 - 
minutes and none were hospitalized because of is 
emic heart disease. E 


Risk Variables 


Distributions for qualitative: vétiablos ad: means. K 
and standard deviations for quantitative variables g 
are shown in Tables III and IV, respectively. 7 
The parental death score did not dift 

























` Fatal Ischemic Heart Disease 
n=19 


Severe coronary 
atherosclerosis 


_ FIGURE 1. Autopsy data on the coronary arte- 
“yies and myocardium of subjects who died of 
; ital ischemic heart disease and other causes. 
y was performed in 18 and 38 cases, re- 
ively. Fresh MI = recent myocardial in- 
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URE 2. Distribution of smoking habits in the four groups. g = cigarettes. 


ough the score tended to be lower in the group 

fatal ischemic heart disease; that is, their par- 
died at an earlier age. 

- There was a trend, although it was not significant, 

oward a higher frequency of blood group A and 


8 oking habits differed significantly among the 

four groups (chi-square = 20.1; df = 6). This was due 

to a higher proportion of smokers in all three end 

: point groups than in the group with no disease (Fig. 

In the group that died of causes other than isch- 

ic heart disease, the overrepresentation of smokers 

among those who later had pulmonary carcinoma 
ld account for the result. 

There were significant differences among the four 

ps with respect to registration by the temperance 

| (chi-square = 11.4; df = 3). This finding was. 
an a in all end point groups 
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n= 42 S 
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Non- 1-14 215 
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Other Deaths 
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No Disease 
n=755 


The type of physical activity during work 
differ significantly among the four groups (chi-s 
= 6.5; df = 6). 

Dyspnea on exertion differed significant] 
groups (chi-square = 14.2; df = 3). There wi 
rate of dyspnea among those who later had 
emic heart disease, but the rate was lowe 
pected among subjects who died of other c 
4). 

With respect to blood pressure, there wa 
cant difference among the mean values for 
= 4.65; df = 3) and diastolic (F = 3.05; df 
pressure (Fig. 5). For systolic but not for 
blood pressure the difference was localize 
those with fatal ischemic heart disease. 
with no disease. E 

The mean values for heart rate at rest di In 
fer significantly among groups (F = 1.63; d 
the group with fatal ischemic heart disease tended 
havea higher heart rate. 

The mean values for heart volume did n t dif 


: slgeificontly E = k 25; df= = 3), but volume ten | 
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atal ischemic. heart disease, which 


les in Relation to Different End Points 


The mean unies for both. s serum cholest rol and 









Nonfatal 
Myocardial Infarction 
(no. = 31) 




























temperance beard 


vity during work 








8 (26%) 
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1 (3%) 
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9 (29%) 


4 (13%) 
15 (48%) 
12 (39%) 


11 (35%) 
20 (65%) 
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16 (52%) 
6 (19%) 


9 (29%) 
22 (71%) 





Fatal Ischemic 
Heart Disease 
(no. = 19) 


9 (50%) 
5 (2896) 
4 (22%) 
0 (096) 


10 (56%) 
16%) 
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5 (28%) 


5 (28%) 
8 (44%) 
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t tive Variables in Relation to Different End Points (Mean + standard deviation) 
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` Variable 















ci ood pressure (mm Hg) 
: blood pressure (mm Hg) 


K ex piratory. flow n 





volume: (ml/m? BSA) (standing) 


Nonfatal 
Myocardial Fatal Ischemic 
Infarction Heart Disease 
(no. = 31) (no. — 19) 
144 + 30 152 + 33 
95 + 15 98 + 15 
86 + 12 95 + 16 
408 + 71 402 + 68 
487 + 88 436 + 106 
260 + 37 279 + 37 
1.36 = 0.53 1.59 + 0.57 
83 + 15 88 +: 18 
9248 109 
46+ 2 45 + 3 


ok 


Other Deaths 
(no. = 42) 





143 + 23 
94 3- 17 
92 + 18 

384 +: 64 

490 + 99 

257 = 49 


1.41 + 0.76 


84-417 
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(no, — 755) 
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306 (41%) 
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255 (34%) 
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1205) 5 


593 (7996) : 


al umber of subjects in the various subgroups does not always equal the total number of the group because of missing data. . 


No Disease '. 
(no, = 755) 


137 21 
91 13 
Ql: 15 
391 + 58 
506-80 —— 
245 + 42. 
1.23: 0.71. 
823415. 
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FIGURE 3. Registration by ihe temperance board in the four groups. 


+ = registered; — = not registered. 


RE 5. Distribution of systolic 

| pressure. The. group with no 
disease was classified by quartiles 
nd the cutoff points obtained. were 
then. used for all. groups. 


6. Distribution of peak expir- 
wW tate i ers/min). The group 


Fatal Ischemic Other Deaths No Disease 
Heart Disease 


n=42 n=755 Non-fatal 


Myocardial 
infarction 
n=31 


FIGURE 4. Dyspnea on exertion in the four: groups: * pr 


= not present. 
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Wüplycerides differed significantly among 
(F = 6.00 and 2.67, respectively; df = 3). For 
esterol, the difference was localized be- 
group with fatal ischemic heart disease and 
h no disease (Fig. 7), and the same ten- 
ugh not significant, was seen for serum 


n values for fasting blood sugar level did 
ignifi cantly, nor did those for erythrocyte 
on rate or hematocrit. However, blood 
ve tended to be higher in the group with fatal 
art disease. 

jnsumption did not differ significantly 
ng groups but tended to be greater in the two 
ps with ischemic heart disease. 





Discussion 


roportion of nonparticipants in this study is 
ed small. Nonparticipants were more often 
a e the temperance board and, since there 


e 1 ed ni had a Res death rate, at 
luring the first part of the follow-up period, it is 
t 


mic heart disease than our results indicate. In 
r prospective studies in which the participation 
te usually has been lower. the effect of socially re- 
d variables, such as excessive use of alcohol, may 
ore distorted than in the present investigation. 

Familial history: Severa! clinical studies’-!3 have 
ested that ischemic heart disease tends to occur 
families. A shortcoming of several of these studies 
that it is. Speers, to collect the information from 
8 bjects | who seldom know much about the cause of 














215 241 275 


oar 0. 1 9 8 6 10 10 6 
Other Deaths 


215 241 271 
186 188 188 188 FIGURE 7. Distribution of serum cho- 
No Disease lesterol. The group with no disease ` 


was classified by quartiles and the 
cutoff points obtained were then used 
for all groups. 


ents. In our study this standardization was possible. 
À familial predisposition to fatal ischemic heart. dis- 
ease was suggested by our results, although the data. 
were not significant. 
Blood groups: A person's blood groups mirror his. 
genetic constitution. Several investigators!^-16 have 
reported an overrepresentation of blood group A (A 
and AB) among subjects with ischemic heart disease; : 


this trend, although not significant, was found in our = s 


study. Some genetic traits are linked to disturbed. 


lipid metabolism as well as high blood pressure; the US 


familial tendency in ischemic heart disease may be 
due in part to such a disturbance although other fac- 
tors are probably also responsible. 

Smoking: Extensive data from several prospective 
studies have demonstrated a significant relation be- 
tween cigarette smoking and ischemic heart disease. 
It has also repeatedly been found that the risk is 
lower in subjects who have stopped smoking than in ` 
those who continue to smoke. !? The strong relation 
between the number of cigarettes smoked and the. 
risk of ischemic heart disease in one study indicated a 
causal relation, not merely a genetic predisposition to 
ischemic heart disease. Preston!? has shown that 
much of the changing incidence of ischemic heart dis- 
ease in different countries, as evident in the increas- 
ing male mortality, can be attributed to a preceding 
increase in tobacco consumption. 

Alcohol consumption: Even though some investi- 


gators have suspected that excessive alcohol con- ^. 


sumption might cause cardiac damage, drinking alco-.- 
hol has not been consistently shown before to in- . 


crease the risk of ischemic heart disease. As men- 


tioned, we did not study the amount of alcohol con- > 
sumed during a specific period but an index of alco: _ 


hol abuse that is related to social or psychological - di. " 
disturbances. This index was also: related to tobacco 


and coffee consumption and, i upon multivariate anal- i : 
ysis, was shown to increase the risk of ischemic heart 
I other factors. 19 At ; 









least part. of the association of alcohol abuse with 
eath from other causes in our study was due to the 
igh rate of violent deaths among subjects who 
1isuse alcohol. It should be pointed out that the per 
apita alcohol consumption according to official sta- 
istics is 5.6 liters of 100 percent alcohol in Sweden 
compared with 16.7 liters in France and 6.3 liters in 
he United States. The inhabitants of Góteborg are 
presentative of Sweden in this respect. 
-.. Physical activity: We found no relation between 
‘physical inactivity during work and ischemic heart 
disease in our study, but in part this may be an ex- 
; pression of a limited variation in physical strain dur- 
ing ordinary work in an industrialized city. Our re- 
sults are at variance with those of others.20-4 A thor- 
ough analysis of both occupational and leisure time 
activity was performed in 1967.25 The follow-up data 
from that investigation showed a trend toward re- 
duced effort during leisure time activities but not 
during occupational activity among those who later 
«had ischemic heart disease. 
. Dyspnea on exertion: There was an increased risk 
of fatal ischemic heart disease among subjects com- 
plaining of dyspnea on exertion. That this relation 
‘was associated with factors other than smoking has 
been shown earlier.!? Some subjects may have diffi- 
culty in differentiating between chest pain and dys- 
pnea, but chest pain, as determined by a standard- 
ized questionnaire, was infrequent at age 50 years in 
this population. Thus, early dyspnea may reflect 
early. deterioration of myocardial function due to in- 
pient coronary vascular disease. 76 
Blood pressure: In this study, as in several other 
prospective studies, blood pressure, and especially 
systolic blood pressure, was associated with an in- 
~-ereased risk of premature ischemic heart disease. Ac- 
-cording to our data the risk was almost entirely relat- 
-ed to fatal ischemic heart disease. Subjects with 
"markedly increased blood pressure in 1963 were given 
. treatment that might have caused some underestima- 
tion of the effect of blood pressure. 
~The slightly higher heart rate and heart size on X- 
- ray examination in those who had ischemic heart dis- 
ease might, at least in part, be related to the in- 
. ereased blood pressure in this group. Positive correla- 
- tions between blood pressure and heart rate and be- 
| < tween blood pressure and heart volume were found in 

.. this series. 

Vital capacity: Only 2 of the 19 men who died of 

ischemic heart disease had values for peak expiratory 
: “flow rate above the median for the entire study popu- 
.* Tation in 1963 (Fig. 6). It is conceivable that low peak 

< flow values indicate only excessive cigarette smoking. 
This is probably not the explanation since subjects 
-who died of ischemic heart disease were not heavier 
mokers than those with nonfatal ischemic heart dis- 
ease. Recently, Keys et al?" found that decreased 
ng function is a predictor of ischemic heart disease. 
ver, in our study, this factor was found to be in- 
gnificant when studied with other factors in multi- 





















































- disease were not studied separately i in 1 the i inv T 


variate analysis. Nonfatal and fatal ischemic heart . from other studies, and earlier results in our st 






tion of Keys et al: ` 
Obesity: Prospective population studies. : 
United States have shown that obesity increa: 
risk of ischemic heart disease.?* In our subjects 
ty by itself was not a risk factor for ischemic 
disease. This finding is even more remarkabl 
one considers that obese persons are more likel; 
lean persons to be hypertensive, hyperlipid 
hyperglycemic. However, the degree of obes 
less severe in our sample than in the Fram ng! 
study. 
Serum lipids: As in a series of other prospec 
population studies,?? our study indicated that 
cholesterol was a significant risk factor for i 
heart disease. The study also indicated that 
ischemic heart disease is more strongly as: 
with increased serum cholesterol values than S| 
fatal ischemic heart disease. 7 
Serum triglyceride values were related t 
cholesterol values (correlation coefficient = 
revealed in an earlier multivariate analysis 
smoking, cholesterol, triglycerides, blood pressure. 
coholic intemperance and physical activity,!? 
eride valües in our study did not add further in 
mation of predictive importance for nonfa 
fatal ischemic heart disease when cholesterol. 
were known. 
Hyperglycemia: Other studies ?129,30 hav 
that disturbances of carbohydrate metabolism 
sociated with an increased risk of ischemic hi 
ease. Since fasting blood sugar determinations 
fairly insensitive indicators of such disturb 
measurements of glucose and insulin after adı 
tration of a standardized dose of glucose have be 
advocated. Such an investigation was performed i 
subsample of our group and the results were co 
pared with those in nonselected patients with no 
tal myocardial infarction.*! The data indicate 
disturbances of this kind play only a small role 
increased risk for ischemic heart disease. 
clinical diabetes was present in 0.8 perce: 
sample of 50 vear old men. This finding is associate 
with an increased risk according to several oth 
vestigations as well as ours.??:3? : 
Multivariate analysis of risk factors: | 
tors are implicated in the development. of 
heart disease, and it is possible that sever: 
factors are interrelated. The relations amo 
factors in this study population were indice 
in this paper and analyzed in detail. ?? Gener: 
factors that are not associated with each oth 
variate analysis are also shown to be risk fac 
multivariate analysis. Thus, it is. probable t 
findings indicated here will also be reveal 
multivariate analysis. The latter cannot y 
formed because there are too few end-po 
when the groups are differentiated by the. 
methods. 
Conclusions of study: In accordanke with raul 




















































































































tempe ance; "iva x on exer- 
ire, and serum cholesterol: 
minished peak expiratory. flow rate were 
to ischemic heart disease. There 
id toward more abnormal findings for 
ables except smoking habits in subjects 
ad fatal ischemic heart disease than in 
ad nonfatal myocardial infarction. In fu- 
es of the results of prospective studies, it 
atory to differentiate between these two 
s of ischemic heart disease that may, at 
ive different clinical backgrounds. 

ral of the studied variables, except dys- 
tion, heart rate and heart volume, there 












































Es igh blood pressure in men aged 50-—population 
men born in 1913, Acta Med Scand [Suppi] 470:10— 


population study of 50-year-old men. An analysis of 
ticipation group. Acta Med Scand 178:453-459, 


yttinger L, Tibblin G: Distribution of the ABO, MN, 
ind Kell blood groups in a random sample of Swedish 
fty. Acta Pathol Microbiol Scand 68:117-122, 1966 
ckburn H: Cardiovascular Survey Methods. Gene- 
jealth Organization, 1968, p 176 

M, McKerrow CB: Maximum forced expiratory flow 
measure of ventilatory capacity. Br Med J 2:1041- 
9 

|SA: A method for the determination of the heart size by 
entgenography {a heart volume index) Acta Radiol 
h) 20:325-340, 1939 

MM, White TD: Coronary heart disease in young adults. 
, Mass, Harvard University Press, 1954, p 23, 54 
orssman 0, Lindegàrd B: The post coronary patient—a multi- 
sciplinary investigation of middle-aged Swedish males. J Psy- 
es 3:89-169, 1958 

: Genetic factors in coronary heart disease. In, Corc- 
ry Heart Disease and Physical Fitness (Larsen AO, Malmborg 
RO. ed). Copenhagen, Munksgaard, 1971, p 229-234 

Slack J, Evans KA: The increased risk of death from ischaemic 
jase in first degree relatives of 121 men and 96 
ith ischaemic heart disease. J Med Genet 3:239-257, 
























E 
n J, Larsson T, Ljungstedt N, ed). Stockholm, Nordiska 
n, Skandia international B 1973, p 186-195 





Vogel F, Krüger 3k Statistische Beziehungen zwischen den 
BO-Blutgruppen und Krankheiten mit Ausnahme der Infektion- 
nkheiten. Blut 16:351-375, 1968 

Medale J, Levine C, Neufeld H, et al: Blood groups, cholesterol 
and Posset infarction. Lancet 2:723, 1970 


ences between the 


myocardial infarction or death from causes other 
than ischemic heart disease. A search for similar 
trends in other prospective studies is recommended. i 
Such findings may indicate that there is a nonspecific 


influence of risk factors on nonischemic heart disease nb 


or that the risk factor pattern merely mirrors a gener- 
al liability to greater risk of disease, ischemic as well 
as nonischemic. 
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j ence of Race, Sex and Weight on Blood 
essure Behavior in Young Adults 


. ARNOLD L. JOHNSON, MD, FACC This study is concerned with blood pressure behavior in. young . 
JOAN. C. CORNONI, PhD (aged 15 to 29 years) in the biracial community of Evans Coun 
-JOHN C. CASSEL, MD on two occasions 7 years apart. On the basis of casual blood p 
_ HERMAN A. TYROLER, MD recordings the prevalence of systolic pressure equal to or gr 
; CURT 6 ES e 140 mm Hg or diastolic pressure equal to or greater than 90 mm 
T i both, showed race/sex differences as follows: white males 
Chapel Hill, North Carolina cent, white females 12.7 percent, black males 34.0 percent, 
males 31.6 percent. Similar differences were noted in the inci 
Durham, North Carolina during the 7 year interval. The problem presented by the variab 
the casual blood pressure recording is apparent in this interval 
Of particular interest is the association of weight with blood press 
this youthful group, particularly among white males and fem 
black females, in relation to both initial and subsequent pres: 
els. The data suggest that in this population under 30 years, weigl 
risk factor for hypertension, and that maintenance of ideal we 
Stituted in youth, may be a preventive measure. 


The predominant interest in both clinical and epidemiologic s 
in hypertension has been the middle-aged population for the ok 
reasons that it is in these subjects that hypertension is ordinari 
tected, the frequency of its complications becomes manife 
therapeutic regimens have demonstrated their effectiveness. It w 
be ideal, however, if the condition could be detected and cont 
earlier, before target organ involvement. One requirement for fulfi 
ment of this ideal is increased knowledge of the natural history 
blood pressure elevation in youth and young adults to establish 
what age the prevalence of elevated blood pressure woul 
worthwhile to initiate programs of detection. Furthermore, i 
be important to know by what age the influence of some facto 
as age, sex and weight, known to be associated with hyper 
middle age becomes apparent; and whether in youth there are 
levels of blood pressure that demonstrate a tendency to r 
therefore should be watched, whereas others are clearly no. 
stable. 
Since few prospective studies have included observatior 
pum pressure in youth and young adults, and these only among. 
. From the Department of Epidemiology, School sons, the unique opportunity to study blood pressure beh: 
of Public Health, University of North Carolina, youth in a biracial community over an interval of 7 years 
Chapel Hill, North Carolina, and Duke University come. It was provided by the Evans County cardiovascu 
- rro agio Mocha e te inis bts which has been the source of many reports! concerning the m 
done during Dr. Johnson's tenure of a Se- aged portion of that population. In brief, attempts were made 
National Health Fellowship, Department of roll 100 percent of those residents of Evans County over 40 
| Health and Welfare of Canada. Manu- age and a 50 percent random sample of those aged 15 to 39 
accepted leid 12, fd Mi 3,377 eligible, 3,102 (92 percent) cooperated and were exar 
m P HS ond Bosta. tween 1960 and 1962; of these 10.3 percent died befor 
McMaster University Medical Centre, -. .in.1967.to 1969, at which time 90. 9 percent of : 
Ontario, ( Canada. ~-able for reexamination. 
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female; BM = black male; WF = white female; 


idle. 


Case Material 


esent study deals with the behavior of blood pres- 
46 black.and white young people aged 15 to 29 

were examined between 1960 and 1962 of whom 
reexamined between 1967 and 1969. Blood pres- 
corded in the clinic, with the subject seated, by 
e internists, using the standard mercury sphygmo- 
er. Three blood pressure measurements were ob- 
ined within 90 minutes, the first being used for statistical 


e/sex distributien of the population under study 
wn in Figure 1. By the time of reexamination in 
—69, an interval averazing 87 months, the loss to fol- 
3.20.2 percent, 1.5 percent had died and 18.7 per- 
ither migrated or refused reexamination but 
wn to be alive. The most marked loss occurred 
n he s younger. black males and females (Table I). 








ix Results 
ccs pressure: The relation of the mean 







bo 29. year age group for systolic blood pres- 
starts S entier "un the 15 to 19 year group) for 
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RE-EXAMINED 1967 


436 79.8% 


WM WF BM BF 
143 143 67 83 





FIGURE 1. Race/sex distribution of the subjects of this study aged ` 
15 to 29 years. BF = black female; BM = black male; WF = white : 
female; WM = white male. 
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1967-69. 


1967-69 


.— 1980-62 





Mean + SD 


Group 


Mean + SD 


no. in 


Group Mean SD 


White Males 


no. in 


Group Mean = so 


- 15-19 
. 20-24 


124. 8 + 12.70 71 
130.4 + 12.86 
127.3 3- 11.05 





130.3 + 15.67 
127.1 +: 15.69 


129. 2+ 11.05 


72.4 3- 9.83 
77.7 + 12.10 
78.6 + 9.82 


79.3 + 10.37 
82.5 +: 12.30 
82. 5c 7.54 











B 
20-24 
(25-29 


127.3 + 15.82 
128.5 < 13.04 


15-19 
20-24 


118.4 -+ 10.33 54 
122.0 + 12.22 54 


130.1 + 24.14 
132.5 +: 16.94 
134. 6 + B. 33 





78.1 + 3. 44 
81.2 + 14.06 


83.9 + 1.89 — 





116.8 = 10.79 
121.3 + 12.91 
123. 8 i. 74 


83. 9 si: 18.40. 
84.3 +.13.88 . 
88.6 +. 11.57 





72.1+ 6.99 
78.4 + 10.15 
78. had 9. 25 





25-29 120.4 + n. 20 50 


71.33: 7.82 
79.2 i- 9.09 
83.1-- 8. 74 





Black Females 





124.3 + 17.59 
126.5 + 18.87 
136.7 -+ 20.84 


126.6 + 14.06 47 
124.1 = 14.92 43 
139.0 — 19.21 24 


| 35-19 
20-24 
25-29 


ence of “Hypertension” in 1960-62 (Systolic Blood 
e 2140 mm Hg and/or Diastolic Blood Pressure >90 
) in Subjects Aged 15 to 29 Years 


35 
27 


22 


79. Ox 9.49 80.5 + 15.99 
80.1 + 11.72 85.3 +: 13,87 
90.4 + 15.19 92.8 + 15.25 


than 135/85 mm Hg in 1960-62 who had pre 
equal to or greater than 140 mm Hg systolic or 90 
Hg diastolic in 1967-69. Under definition II hyp 
tensive subjects were those whose pressures were 


than 140/90 mm Hg in 1960-62 and equal to or 
er than 140 mm Hg systolic or 90 mm Hg diasto. 
1967-69. The advantage of definition I may be t 
the gap between the required pressure levels on. 
two occasions would tend to minimize the in: enc 
of small changes that could affect the finding: 
definition II is used. The incidence under d 

II was, of course, greater. There was a signifi 
ference between the race/sex categories in 
bution of the hypertensive subjects. The d 

were similar to those noted for prevalenc 
black/white influence was less marked. 

Casual blood pressure recordings: A 
preciation of the problems involved in casu 
pressure recordings for this type of study is 
by examining the distribution of 1967-6 
blood pressures in terms of 10 mm b: 
1960-62 levels. Figure 3 shows that the in 
ings of 1960-62 were subject to considera 
quent variation. For example, among the X 
approximately a quarter of the values in 
bands between 120 and 129 mm Hg were low 


| hg 
= 168) (no, = 


WF 
= 158) (no. = 


BM BF 


106) (no. = > 114) Totals 








Abbreviations as in Table lI. 


nd examination. Mean systolic pressure showed a 
less consistent increase with time. 

"Prevalence of elevated blood pressure: Preva- 
lence of “hypertension” in 1960-62 was determined 
using arbitrary cutoff points (systolic blood pressure 
-of 140 mm Hg or greater, diastolic blood pressure of 
90 mm Hg or greater, or both). Table III shows the 
prevalence by race/sex groups; an appreciable per- 
centage (22.7 percent) of this young population had 
high blood pressure by this criterion. The greater 

valence of elevated pressure among blacks, well 


mented in middle age, is already evident. The 
rable status accorded white females is apparent. 
cidence of hypertension: In estimating the in- 
ce of hypertension. two definitions were used 
le IV). Under definition I hypertensive subjects 


second examination. Ámong the black male 
numbers are small, there appeared to 
toward both more stability and movement 
dominantly upward direction. The ten 


— values to regress toward the mean was more mar 


hose whose blood | pressure was equal to or tens oF 


in us er r groups than 1 dmong | black males. 








(no. = 85) 
18 21.2 


no. = 115 
32 27.8 


15 


(no. — 111) 
12 


10.8 


no. = 124 
12.1 








(no. = 44) 
9 20.5 


no. = 57 
14 24.6 
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uence of initia blood | pressure level: To 

-influence of the initial blood pressure level 

bsequent behavior and the associated race/sex 

ences, the data were. arranged (Table V) so that 

‘the subjects who showed an increase beyond cer- 

es are included. If, for example, the initial 

e was less than 120 mm Hg systolic, the per- 

f subjects whose pressure was increased above 

mm Hgi in the 7 year interval was small, whereas 

sure in the higher bands showed a greater ten- 

cy to increase, and some race/sex differences are 
parent. 

Role of body weight: The availability of data on 

ody weight and serum cholesterol levels permitted 

tudy of these variables to determine their possible 


re power from the first to the second examination. 
Weight was considered in terms of the Quetelet 
x^: Weight/Height? x 100. As an index of weight, 
Quetelet index has been shown to be indepen- 
nt of height and highly correlated with skinfold 
surements. Values for the index ranged from 2.37 
he leanest to 5.96 for the most obese subject. The 
tion between the index and blood pressure was 

uated in four ways: 

The subjects were classified as normotensive or 
pertensive, the mean Quetelet index determined, 
the differences of the means compared (Table 
‘he tendency for the hypertensive group to be 
r was indicated by their greater mean values 
telet index. This was not evident, however, 


ue v in shows that ae bead were 
iore frequently represented in the heaviest tertile 


' black males. The white male hypertensive subject, 
articularly, had a higher Quetelet index. 


^ TABLE V 


Changes in Systolic Blood Pressure from 1960 to 1967 i i 
Subjects Aged 15 to 29 Years at First Examination* wu 


WM WF BM — BF 
Pressure Changes (no.) (no) — (n0). no. 





From <119 to 5140 6 

From 120-129 to 5140 12 

From 130-139 to $140 37 s yg. 
From 140-149 to 5150 15 i 39) 


* The data were arranged so that E» subjects who st 
increase beyond certain values are included. The tabl 
percent of subjects at each pressure level in 196 
1967-69 measurements reached the designated levels. Ab 
tions as in Table |. : 


TABLE VI 


Mean Quetelet Index of Body Weight of Normoten: 
Hypertensive Subjects Aged 15 to 29 Years in 19 


1960-62 (no. = : 435) 
Group BP-N BP ft P* 





WM 3.19 3.57 «0.01 
WF 3.18 3.40 NS 
BM 3.25 3.40 NS 
BF 3.16 3.8 «0.01 


* t test for differences between means. 
BP-N = normal blood pressure; BP Î ja 
pressure; P = probability. Other abbreviations as in Table 


3. Taking the full frequency distribution into 
count, the correlations of systolic and diastolic bl. 
pressure with weight (Table VIII) show that | 
race/sex group in the 15 to 29 year category. there 
positive correlation of Quetelet index and. Syst 
and diastolic blood pressure at each examinat 
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2 (n0. = 26) (no. — 113) 
| 2.87-2.99 
300-3. 46 
(5 3.47-4.70 


= 16) — (no. = 37) (no. = 
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a of Systolic (SBP) and Diastolic (DBP) Blood 
Pressure with Cholesterol, 


Subjects Aged 15 to 2 Years | 





Controlling for t Quetelet Index ine cs 





















































ie r 2 i Tw BM BF 
n ^ 1967 1960 1967 1960 1967 1960 1967 








0.404 0.33t 0.12 0.33: 0.27* 0.14 0.381 0.487 
z0.31t 0.49f | 0.14 0.37f  0.24* 0.23* 0.421 0.491 





; Abbreviations as in Table I. 


ith the exception of white females in 1960 and the 
black males in 1967. 
4. Weight. was then studied as one of the indepen- 
A bles in multiple regression analysis with 
ing three models. 
irst, the 1960-62 variables of age, Quetelet index 
lesterol, in addition to the 1960-62 systolic 
stolic blood pressure, were tested as predic- 
the 1967-69 blood pressure. The interaction 
Quetelet index with cholesterol and age with 
rol, were also included. Second, the 1960-62 
ables were used as predictors of blood pressure 
ded at the same examination. Third, a similar 
lysis was repeated for the 1967-69 variables and 
pressure values. 
the first analysis, although the 1960-62 systolic 
iastolic blood pressure was generally the best pre- 
xt of the 1967-69 pressures, the Quetelet index 
wi strongly associated with the latter in all race/sex 
groups except black males. Furthermore, i in the step- 
ise regression, either the previous blood pressure or 
Quetelet index entered first in the prediction of 
ibsequent blood pressure, with the other in the 
second position. When prior blood pressure was not 
ded in the prediction, the Quetelet index was 
the most highly correlated and the first to enter the 
epwise regression in all race/sex groups except 








When the 1960-62 variables were used to predict 
ie 1960-62 pressures, Quetelet index was the first to 
ter the stepwise regression and the most highly 
elated with systolic pressure for white males and 
ales, as well as for black females but not for black 
males. However, it was not a good predictor in rela- 
tion to 1960. diastolic blood pressure except among 
black females. 

: Finally, when the 1967-69 independent variables 
were used for the pressures at that examination, 
ere. were no consistently good predictors. The 
t index was the first variable to enter the 
step rise regression in predicting diastolic pressure in 
white males, systolic pressure in white females, and 
bo 1 Vosges and diantolie pressures in black females. 








1960 1967 1960 1967 1960 1967 1960 “1967 i 





—0.06 0.16 





SBP  0.15* 0.20* 0.04 0.08 0.08 0.46f 

DBP 0.23f 0.15 0.04 0.17* 0.13 0.37* 0.04. 0.15 
* P «0.05. 

iP «0.01. 


Abbreviations as in Table |. 


trated in the 20 to 24 year old group at both examina- 
tions and in the younger group in 1967-69 (Table 
IX). The black males showed a correlation in 1967 
69. Among black and white females there was no as- 
sociation of cholesterol with systolic pressure, after 
controlling for weight, but white females showed a 
weak association at the second examination. : 


Discussion 


Composition of study population: Inasmuch as - 
this study demonstrates race/sex differences. in be- 
havior of blood pressure, attention is drawn to the 
composition of the population under study at the two 
examination periods conducted 7 years apart. There 
were 110 subjects, 20.2 percent of the 546 examined. 
in 1960—62, who were not available at the time of the . 
second examination. Eight had died, and of those liv- 
ing the loss to follow-up was distributed as follows: 
white males 13.7 percent, white females 8.9 percent, 


black males 34.9 percent and black females 25.6 per- E 


cent. Table I shows that among the black males and. 
females this loss occurred chiefly in the two younger 

age bands. The 1960-62 data with respect to age, 

blood pressure, Quetelet index and cholesterol, com- - 
paring those dead and lost to follow-up with the pop- 

ulation subsequently reexamined, show no significant 

differences in mean values with respect to these vari- 

ables (Table X) with the exception of age, white. fe- 

males and black males being younger. 


In the unlikely event that all those who were not oe 


available for the second examination had had a nor- 
mal blood pressure, incidence rates (using definition 


II) would have been as shown in Table XI. As indi- . E 


cated, male black/white differences would have been: 
eliminated but female black/white differences would 
have persisted. | 
In raising a query as to whether there is reason: do 
suspect that the “missing” differ significantly from — 
those who were available for the second examination, 


it is observed that the two groups had similar values: 
for mean blood pressure and other variables during rm 
the initial examination. In the same population, in  . 
mong whom losses to . = 
; | differences ofa 
similar. order were prevent Fur ermore, although' i 


the age group 30 to 44 years, a 
follow-up were small, black/w. 














of 1960-62 Data for Reexamined Subjects (R) Compared with Data of Subjects Lost to Follow-Up (L) 





White Males 
R L R 











21.46 21.96 22.15 


127.03 126.90 120.08 


75.61 76.04 76.59 


- (mg/100 ml) 163.54 163.36 171.92 
Qi. 3.27 3.27 3.21 





: f test for differences between means was performed. 
PP. «0.05. 


White Females 


Blac« Males 


L R L R 


Black Females < 











19.14+ 22.18 19.001 21.44. 


122.36 128.48 131.22 127.40 


74.43 80.48 80.62 81.34 


164.97 173.88 
3.23 3.35 


160.77 168.13 . 
2.90 3.29 








Chol. = cholesterol; DBP = diastolic blood pressure; Q.!. = Quetelet index; SBP = systolic blood pressure. 


he Tecumseh study is a study in a white population, 
eported that subjects who moved out of the area 
blood pressure values similar to those of subjects 
ho remained. 


ability of Casual Blood Pressure 


The variability of the casual blood pressure record- 

g is a problem in dealing with prevalence and inci- 
dence of a continuous variable such as blood pres- 

€. Four factors might be implicated in this vari- 
ability: (1) error in the measurement; (2) stress of the 
examination; (3) the recognized tendency for blood 
pressure to increase in some subjects over time; and 

4) the purely statistical phenomenon of regression 

ward the mean. 

Consideration must be given to whether these fac- 
tors might be different at the two examinations, and 
whether they might have a selective effect on a race/ 
sex group. It is unlikely that errors of measurement 
would explain race/sex differences, and it is probable 
that stress of the examination would be similar for 

je two study periods because of the wide interval (7 
to 9 years) between them. It is noted that each exam- 

ation was conducted by two white internists. How- 
ever, it seems likely that items 3 and 4 would have 
exerted the greatest effects, and only 3 might be ex- 


i - pected to exert a race/sex influence. 


Prevalence and Incidence of Hypertension 


- -The prevalence and incidence rates of hyperten- 
.. sion in this youthful group seem high. In this study 
the first of three blood pressure recordings in a space 
-> Cof 90 minutes was used. Heyden et al.? on the other 
< hand, in their study of a subset (aged 15 to 25 years) 
of this same population, used the average of the 
ree, and arrived at a figure of 11 percent above 140 
m Hg systolic or 90 diastolic. This is compared with 
20.5 percent.overall prevalence of our 15 to 24 

" group with cutoff points of 140 or 90 mm Hg or 

r- Despite the slight differences in cutoff points 


age, it is apparent that the first reading. gives. a 
mewhat t higher values than the average. det is not z 


TABLE XI 


Incidence Rates of Hypertension (Definition ti) if Al | Su 
Lost to Follow-Up Had Had Normal Blood Pressure 


WM WF BM ce 
(ne. = 137) (no. = 138) (no. = 71) (no. = 78). 


no. p^ no. oc no. 95 nos 


33 234 15 109 17 20 14 e 


* The figures in parentheses include all subjects in 
plus subjects lost to follow-up in 1967-69 whose systolic 
pressure was less than 140 mm Hg and diastolic blood | 
less than 90 mm Hg in 1960-62. Abbreviations as in Table 


known in terms of subsequent blood pressure behav 
ior which is the desirable procedure to follow, 

is unlikely that race/sex differences would. pee 
fected. : 


Weight and Blood Pressure 


These data show an important relation: betwe 
weight and blood pressure. Weight is associated. 
both initial blood pressure and the prediction of sub 
sequent blood pressure. Relative to weight and i 
pressure, this association was shown in the 
tion of both systolic and diastolic blood pressur 
weight, and on regression analysis, the 19 
was highly correlated with the 1960 systo 
pressure. White females in the former ar 
males in the latter analysis were the exc 
When the subjects were separated into nor: 
and hypertensive categories a similar associa’ 
evident. As a predictor of subsequent bloot 
the value of initial weight appeared to follow h: 
initial blood pressure. 

The association between weight and. b 
sure; recognized in middle age, has received 
attention in youth. Londe: and Goldring’ i 
sectional study, noted the correlation of 
“3! tolic blood pressure i in children aged 4 


























































pking me n duderus overweight was one vari- 
that characterized those with a parental history 
tension. In an earlier study’ of army officers 


quent increases in pressure. However, the 
r 20 year follow-up study by Stamler? of young 
Its showed that those who were near the desirable 
eight initially and experienced little or no weight 
had a much smaller risk of having hypertension 
se who, as young adults (mean age 24 years), 
h above desirable weight and had a weight 
man et al.!° noted, among a highly selected 
viators (mean age 19 years) all close to 
ight at the time of selection for pilot training, 
e subjects with increasing blood pressure 
eater increments in weight as they grew older 
24 year observation period. 
21.3 focused attention on the clinical sig- 
f hypertension in this age group as well as 
he association with weight. After an interval of 
he evaluated clinically 30 of 50 subjects, 15 to 
‘s of age, whose blood pressure in 1960-62 was 
than 140 mm Hg systolic or 90 mm Hg dia- 
In 12 pressure was below this level and in 7 it 
r but less than 160/95 mm Hg. In 18 pres- 
igher than the latter figure; in this group 2 
f cerebral hemorrhage, 1 had hypertensive 
sease, 3 had cardiovascular or cerebrovascu- 
ymptoms and 5 had asymptomatic sustained hy- 





assal JC: Evans County Cardiovascular and Cerebrovascular 
pidemiologic Study. Arch Intern Med 128:883-986, 1971 

lein BEK, Cornoni JC, Jones F, et al: Overweight indices as 
orrelates of coronary heart diseases and blood pressure. Hum 
iol 45:329—340, 1973 

eyden. S, Bartel AG, Hames CG, et al: Elevated blood pres- 
'e levels in adolescents, Evans County, Ga. Seven-year fol- 
dd et 30 ‘patients and 30 controls. JAMA 209:1683- 1689, 
69 

onde S, Goldring D: Hypertension in children. Am Heart J 84: 







it RS, Thorne MC, Wing AL: Chronic disease in for- 
college students. Vill. Characteristics in youth predisposing 
do ypertansion in later years. Am J Epidemiol 88:25-32, 1968 


We are unable to- odes appropriate rud hé 
most of the observations recorded in our study. "The 





race/sex differences, the poor correlation of weight : 
and blood pressure in black males and the positive- 
association of weight and blood pressure in the other __ 
race/sex groups are not readily explained. The favor- 
able status of the young white female is of particular 
interest in relation to her increased blood pressure in 
middle age. Female physiology does not appear to be: 

a factor since the young black female not only has a 
greater prevalence and incidence of hypertension but 
also maintains a higher level of mean blood pressure 
throughout life. 


Clinical implications 


Our data show that race/sex differences in blood 
pressure levels, well recognized in middle age, are ap-. 
parent in the more youthful group represented i inour o 
study. The association with weight is an important 
feature in the case of the white male and female and — 
the black female, but does not appear to be well cor- . . 
related in the case of the black male. In the first three. 
groups, weight is related to the initial blood pressure . 
as well as to its subsequent behavior, thus repre- . 
senting a risk factor for hypertension. Therefore, 


maintainence of ideal weight, 


instituted in youth, E: i 


may be an important preventive measure. 


Figure 2 and Tables II and III were adapted with permis- - b 
sion from Figure 2 and Tables 2 and 3 in Hames CG: Natu- 
ral history of essential hypertension in Evans County 
Georgia. 
McGraw-Hill, Inc. 
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for clinical 
applications 


€ Designed for clinical O.R. 
or cath lab use 


9 Easily applied handle- 
type probe 


9 Patient safety assured 
through isolation circuitry 


9 Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-type 
probe with positive 
capture slide 


® Designed for O.R. and 
cath lab use 


9 For rapid analysis of 
flow through exposed 
blood vessels 


9 Use with Biotronex 
clinical blood flowmeter 


applications 


® Use with heart-lung 
machine, artificial kidney 
or similar systems 


® lron core construction 
provides high sensitivity 
and accuracy 

9 Operates with BLL 


research and clinical 
blood flowmeters 


9 Available in sizes to fit . 
most tubing 








LSE Telemetry 


The ideal solution 
to monitoring 
Post-Acute Cardiac 
Patients 


ature, battery powered trans- 

that measures and broadcasts 
heart rate and QRS wave form to a central 
r s' station is the only instrument 
physically attached to the patient. 


LSE Telemetry Monitors provide accurate 
d continuous data of ambulatory 
patient's heart signal during recovery, 
thin a range of 300 feet in open space 
and to more than 1000 feet with antenna. 
The portable versions are also invalu- 
for emergency arrivals, crash carts, 
e operating room and for stress 
applications. 


Continuous monitoring improves 
patient's feeling of security and en- 
courages normal activity. 


Removal from "hard-wiring" improves 
psychological outlook while regained 
mobility helps to improve muscle tone 
and circulation. 


E "Hard-wired" instrument beds in 
ICU/CCU'units are made available 
for more critical patients. 


As many as 24 patients can be mon- 
itored from one central station. 


Simple operation — Solid-state 
reliability. 

No special installation or wiring . . . 
Just plug it in. 


Systems interface with diagnostic 
computers, data phones, remote re- 
corders and displays. 


Unique revenue sharing pay plan allows 
upgrading present Cardiac Patient Care 
Center without major capital equipment 
or personnel investments. 


LSE offers a broad variety 

of complete Telemetry 
Cardiac Monitoring Products, 
including: 


@ 4-Patient Central Stations — 
simultaneous 4-channel dist 
"freeze" display, cascade di 
digital heart rate display 
ECG recording, alarms an 


Portable Bedside Monitors — 
with many of the above feat 
including battery or AC op 
up to 11 different patientit t 
mitters, displays or 

time, used in combinat 
single or multiple-external re 


For complete information 
our new, Free Brochure t 


For details on revenue sharing p 
contact Sales Manager, LSE. 


LASER SYSTEMS 

& ELECTRONICS. INC. 

An Affiliate of Keuffel & Esse 

Box 858, Tullahoma, Tennessee 275 
(615) 455-0686 





he dde Th ye wate eean or 
N heart valve replacement, reparative 


cludi ng Monge bed rest all 


iboembolic. complications, 


Laboratory monitoring 


For every patient receiving COUMADIN® (crystalline 

sodium warfarin), frequent laboratory monitoring is à 
key to effective therapy. Determine prothrombin time 
daily until results stabilize in the therapeutic range - 
—1% to 2⁄2 times normal. Individualize dosage and 
administration as indicated by prothrombin ti time re- 
sults. Determine subsequent prothrombin times pe- 
riodically throughout the course of therapy. l 


Educating your patient 


Because a patient is generally more reliable if he 
understands his condition and his medication, he 


should be made aware of the factors that may influ- =- 
ence his prothrombin time and, therefore, his re- 


sponse to COUMADIN* — dietary change, travel, 


other medication, change in physical condition and 2 i 
abrupt environmental change. What's more, he 
should know the 3 COUMADI of eal Ee ihe PS 





Yerapeutic prir 
Jt into practice - 


(CRYSTALLINE SODIUM WARFARIN) 


BRIEF SUMMARY 

INDICATIONS: COUMADIN (crystal- 
line sodium warfarin) is indicated for the 
prophylaxis and treatrnent of venous 
thrombosis and its extension. the treat- 
ment of atrial fibrillation with embolization, 
the prophylaxis and treatment of pulmo- 
nary embolism, and as an adjunct in the 
treatment of coronary occlusion. 


CONTRAINDICATIONS: Hemorrhagic 
blood dyscrasias. Recent or contem- 
plated surgery of: (1) central nervous 
system; (2) eye; (3) traumatic surgery 
resu'ting in large open surfaces. Bleeding 
tendencies associated with active ulcera- 
tion or overt bleeding of: (1) gastrointes- 
tinal. genitourinary or respiratory tracts: 
(2) cerebrovascular hemorrhage; (3) 
aneurysms — cerebral, dissecting aorta; (4) 
pericardial effusions; (5) subacute bac- 
terial endocarditis. Threatened abortion, 
eclampsia and preeclampsia. Inadequate 
laboratory facilities, or lack of patient 
cooperation. Miscellaneous: polyarthritis, 
vitamin C deficiency, major regional block 
anesthesia 
WARNINGS: Administration of anticoag- 
ulants in the following conditions will be 
based upon clinical judgment in which the 
risk of hemorrhage due to anticoagulants 
is weighed against the risk of thrombosis 
or embolization in untreated cases. The 
following may be associated with increased 
risk of hemorrhage: Pregnancy — oral anti- 
coagulants pass through the placental 
barrier, and the danger of hemorrhage to 
the fetus exists even tc the point cf fatal 
hemorrhage in utero, even in the acceptec 
«therapeutic range of maternal prothrombin 
level. Close observation and laboratory 
control are essential. Lactation — cou- 
marins may pass into the milk of mothers 
and cause a prothrombinopenic state in 
the nursing infant. Prolonged dietary 
deliciency (cachexia. vitamin K). Severe 
to moderate hepatic or renal insuffi- 
ciency. Infectious diseases or disturb- 
ances of intestinal flora —sprue antibiotic 
therapy. Severe trauma of head. bones or 
-i-muscles associated with extreme raw sur- 
faces. Surgery resulting in large exposed 
raw surfaces. Indwelling catheters. Spinal 
puncture. Severe to moderate hyper- 
tension. Miscellaneous: polycythemia 
vera, vasculitis, severe diabetes, meno- 
metrorrhagia, allergic and anaphylactic 
disorders. 

Abrupt cessation of anticoagulant 
therapy is not generally recommended: 
taper dose gradually over three to four 
weeks. 

PRECAUTIONS: Periodic determination 
of prothrombin time is essential. 

Numerous factors, alone or in combi- 
nation, including travel, changes in diet, 
environment, physical state and medica- 
tion may influence response of the patient 
to anticoagulants. It is generally good 
practice to monitor the patient's response 

with additional prothrombin time deter- 
minations whenever other medications : 
-are initiated, discontinued takenhap- 
: T 


The following factors, alone or in 
combination, may be responsible for 
increased prothrombin time response: 

ENDOGENOUS FACTORS: Carcinoma: 
collagen disease: congestive heart faii- 
ure; diarrhea; elevated temperature; 
hepatic disorders — infectious hepatitis, 
jaundice; poor nutritional state: vitamin K 
deficiency steatorrhea 

EXOGENOUS FACTORS: Alcoholt; 
allopurinol; anabolic steroids; ant;/biotics; 
bromelains; chloral hydratet: chiorpropa- 
mide; chymotrypsin; cinchophen; clofi- 
brate; COUMADIN (crystalline scdium 
wartarin) overdosage; dextran; dextro- 
thyroxine: diazoxide; dietary deficiencies; 
diureticst; disulfiram; drugs affecting 
blood elements; ethacrynic acid: glucagon; 
hepatotoxic drugs; indomethacin: inhala- 
tion anesthetics; mefenamic acic; 
methylphenidate. monoamine oxidase 
inhibitors: nalidixic acid; oxyphenbuta- 
zone; phenylbutazone; phenyramidol; 
prolonged hot weather; prolonged nar- 
cotics; quinidine; quinine: salicylates (in 
excess of 1 Gm/day); sulfinpyrazone; 
sulfonamides, long acting; thyroid drugs: 
tolbutamide: triclofos sodium: unreliable 
prothrombin time determinations 


Tincreased and decreased prothrombin time 
responses have been reported 


The following factors, alone or in 
combination, may be responsible for 
decreased prothrombin time response: 

ENDOGENOUS FACTORS: Diabetes 
mellitus; edema; hereditary resistance to 
coumarin therapy; hyperlipemia: hypo- 
thyroidism 

EXOGENOUS FACTORS: Adreno- 
cortical steroids; alcoholt: antacids: anti- 
histamines; barbiturates: chloral hydratet: 
chlordiazepoxide; cholestyram ne; 
COUMADIN (crystalline sodium warfarin) 
underdosage: diet high in vitamin K (vege- 
tables, fish, fish oil, onions): diureticst: 
ethchlorvynol; glutethimide: griseofulvin, 
haloperidol: meprobamate; oral contra- 
ceptives: paraldehyde; primidcne, rit- 
ampin: unreliable prothrombin time deter- 
minations; vitamin C 
tincreased and decreased prothrombin time 
responses nave been reported 

A patient may be exposed to a combi- 
nation of the above factors. some of which 
may increase and some decrease his 
sensitivity to COUMADIN. Because the 
neteffectonhis prothrombin time response 
may be unpredictable under these circurfi- 
stances, more frequent laboratory mon- 
itoring is advisable. 


ADVERSE REACTIONS: Potential side 
effects of COUMADIN (crysta line sodium 
warfarin) include: 1. Minor or major hem- 
orrhage from any tissue or organ —which 
is an extension of the physiolcgic activity 
of prothrombinopenia. Bleeding during 
anticoagulant therapy does not always 
correlate with prothrombin activity. (See 
TREATMENT FOR OVERDOSAGE.) 
Bleeding which occurs when the pro- 

f within the therapeutic 
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quent ‘and consist of alopecia ur 
dermatitis, fever nausea. diarrh 
sensitivity redctions and an extremely 
reaction consisting of hemorrhagic 
tion and necrosis of the sin. 


oral or parenteral adr 

amin K,. Theappearanc 
hematuria, melena. petechiae | 
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correct ilis Mei. 
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progresses to frank bleeding 
Diode Mente d in dose 


vitamin K preparations prior 
whole blood transfusions Si 
sidered in cases of severe b 
prothrombinopenic state 
to vitamin Ky. 

Resumption of COUMADI 
line sodium warfarinad inistrat 
reverses the effect of vitamin | 
therapeutic hypoprothrombi 
is readily obtained. ; 
"Trademark, Merck Sharp & it 

For complete preseribi 
including dosage and labor 
see package circular. ~~ 
SUPPLIED: Tablets: COUM 
line sodium warfarin) for ora 
scored, imprinted numerical 
as follows: 2 mg lavendet 
5 mg peach, 7 Y, mg yellow, 
re mg red. In bottles of Ho and 10! 


warara lyophilized for intraver us: 
intramuscular use ina box of 6 units; 
50 mg: Unit consists of t vial. 50 m 
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percent of your diuretic patients - 
i "would “ey expect to be potassium deficient? 
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a. 120-995 
b. 1095-199; 
c. 2095 2595 


Serum electrolyte determinations on 627 ambulatory patients taking diuretics revealed 
that nearly one in four (23.9%) were hypokalemic (serum potassium «3.5 mEq. per liter), 
and 4.3% were hypochloremic (serum chloride <95 mEq. per liter) as well as hypokalemic 

“ Too often patients cannot consume enough potassium by diet alone to ensure 
adequate replacement. 

Thats where Kaochlor® (potassium chloride) comes in — a pleasant-tasting, citrus- 

flavored liquid which contains 20 mEq. each of potassium and chloride per 15 ml. 
It should be diluted with citrus juices, citrated soft drinks or water. And dosage is 
flexible, to satisfy the potassium and chloride needs of each individual patient. 


Kaochlor the one in four 


(potassium chloride) 





BRIEF SUMMARY 

KAOCHLOR? (Potassium Chloride) 

10% LIQUID 

Description: Each 15 ml. (tablespoonful) supplies: 
20 mEq. each of elemental potassium and chloride 
(as potassium chloride, 1.5 Gm.) with sugar, saccharin 
and flavoring. Álcohol, 5%. 


Actions: Potassium chloride supplement. 
Indications: Hypokalemic-hypochloremic alkalosis 
and for the prevention and treatment of hypokalemia 
which may occur secondary to diuretic or corti- 
costeroid administration. It may be used in the treat- 
ment of cardiac arrhythmias due to digitalis 
intoxication, 

Contraindications: Severe renal impairment with 
oliguria or azotemia, untreated Addison's disease, 
adynamia episodica hereditaria. acute dehydration, 
heat cramps, and hyperkalemia from any cause. 
Precautions: In response to a rise in the concentra- 
tion of body potassium, renal excretion of the ion is 
increased. With normal kidney function, it is difficult, 
therefore, to produce potassium intoxication by oral 
administration. However, potassium supplements 
must be administered with caution, since the amount 
of the deficiency or daily dosage is not accurately 
known. Frequent checks of the clinical status of the 
patient, and periodic ECG and/or serum potassium 
levels should be made. High serum concentrations 
of potassium ion may cause death through cardiac 
depression, arrhythmias or arrest. This drug should 
be used with caution in the presence of cardiac disease. 
If the basic disturbance produces metabolic acidosis, 
as in some renal tubular disorders, an organic salt 
such as potassium gluconate may be more 
advantageous. 

Adverse Reactions: Nausea, vomiting, diarrhea, 
and abdominal discomfort have been reported. The 
symptoms and signs of potassium intoxication include 
paresthesias of the extremities, flaccid paralysis, 
listlessness, mental confusion, weakness and heavi- 
ness of the legs, fall in blood pressure, cardiac arrhyth- 
mias and heart block. Hyperkalemia may exhibit the 
following electrocardiographic abnormalities: disap- 
pearance of the P wave, widening and slurring of 
QRS complex, changes of the S-T segment, tall peaked 
T waves, etc. 

Overdosage: Potassium intoxication may result from 
overdosage of potassium or from therapeutic dosage 
in conditions stated under “Contraindications” Hy- 
perkalemia, when detected, must be treated imme- 
diately because lethal levels can be reached in a 
few hours. 

Before prescribing, see complete prescribing infor- 
mation in the PDR or the individual package insert. 


*Manner, R- ].: Brechbill, D.O.: DeWitt, K.: Prevalence 
of Hypokalemia in Diuretic Therapy. Clin. Med. 79:15 
(Nov.) 1972 
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ertensive 


It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 


hypertension and adjunctive therapy for many | yerst. 
types of edema. A EASA 


controlled early on 


Diucardin 


- (hydroflumethiazide 


diuretic/antihypertensive 


(See prescribing information on next page.) 
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For the“healthy”hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 


The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 


INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents. 

DIUCARDIN alone or in conjunction with other antihypertensive agents 
isindicated for control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 

DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 

DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic renal failure. 

CONTRAINDICATIONS: Anuria. oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
occur in patients with impaired renal function. 

Use with caution in patients with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 

Use with caution when hydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 

Usage in Pregnancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and other adverse reactions. Therefore, the 
potential benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 
PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, 7.e. hypokalemia, hyponatremia, 
and hypochloremic alkalosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance, 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oli- 
guria, tachycardia, and gastrointestinal disturbances such as nausea 
and vomiting. Serum and urine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids, 





If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjus:- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo. headache, paresthesias. 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis. 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may 5e aggravated by alcohol. 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 

DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DIUCARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DIUCARDIN — No. 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1.000. 


References: 1. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic, Lancet 2:311 (Sept.) 1959. 
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the heart of your electrocardiog 
diagnosis is made of paper 


Accurate interpretation of analytical data pre- Why take the chance. Specify the paper designed- 
sented by your electrocardiograph and subsequent and produced expressly for the manufacturer of: 
proper diagnosis is manifested by the chart paper. your instrument. The cost of total assurance 
simply isn't worth the few pennies substitutes may . 
save. 











If there's a chance the chart paper is lacking in 
quality or accuracy, an inaccurate recording may : 
well be the result. This message was prepared in the interest of bette 
recording instrument performance by . . . 


Ni A S F U A The Instrument Manufacturers' Chartmaker 


CORPORATION 








T 100 East Kinney St. - Newark, N.J. 07105 - (2011 589-5970. — 
RC GUBELMAN CHART DIVISION 3037 East Maria St. - Compton Calif. 90220. (213) 537-4250 
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No other nitroglycerin tablet 


offersyouall, these advantages: - 
Xx - New level of stability" 


without sacrifice of disintegration time 
without sacrifice of bioavailability 


. New level of tablet elegance 
™ - Minimal crumbling or powdering; controlled 
4 K j nitroglycerin volatility; yet disintegrates in vitro as 
3 (nitroglycerin tablets uP) 3 quickly as other nitroglycerin tablets tested; 
t Sublingual Tables minimum deterioration with time or exposure 


: Federal law pro a 


g "Sensing without preset! "x H 
iUOpoosos . MOTpers gg New level of convenience 

: 1 oad 4 Color-coded tablets as well as labels for easier 
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à (nitroglycerin tablets uP) Warner /cniicoti patient conversion (strength or brand). 
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Please send patient-starter samples of NITROPRN™ 
(nitroglycerin, USP) sublingual tablets. 
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|... Th. most stabl > 
nitroglycerin tablet yet 


ALL NITROGLYCERINS START OUT POTENT. HOWEVER, DELIBERATELY DEMANDING 
TEST CONDITIONS SHOWED NITROPRN RETAINED POTENCY LONGER: 


STABILITY RESULTS. 


Room Temperature Storage in Open Containers 


mu 


After 1 week, NITROPRN could deliver 9096 


itroprri 


| 


ALL OTHER 
NITROGLYCERINS TESTED 
FELL CONSIDERABLY 
BELOW THIS LEVEL 


ei Nitroort nitroglycerin; after 4 weeks, it could still deliver 


7676 nitroglycerin potency. Yet NITROPRN 

in vitro disintegration time is either superior or 
equal to that of other brands of nitroglycerin 
tablets tested. This consistent level of stability 
insures potency from tablet to tablet, and 
assures the angina patient the protection he 


needs from attack to attack. 
Yet NITROPRN costs only 
pennies more than other nitroglycerins. 





% OF NITROGLYCERIN REMAINING 











(Patients sometimes leave their nitr Mn pen. The open-dish method, 
a most demanding stability test, itroprn retains its potency 
oven under extreme exposure, thus protecting even careless patients.) 
0.6 
(nitroglycerin, USP) sublingual tablets aion | asos | a006 
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BUSINESS REPLY MAIL 


NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


Postage will be paid by: Warner Chilcott 
Division. 

Warner/Chilcatt (wc) Waver Lanen on 

Division, New Jersey 07950 


Warner-Lambert Company, 
201 Tabor Road, 
Morris Plains, New Jersey 07950 


Attention: P. J. Martin 


. 
*Methods used: The semi-automated Content , 
Uniformity Assay based on the procedure of 
Fusari, S.: J. Pharm. Sci. 62:122 (1973), with 
modifications by the Applied Analytical Research 
Laboratories of Warner-Lambert Company. Data 
on file, Warner-Lambert Research Institute. 


Finally. A bedside echocardiogr 
system with a monitor that’s 
easy to read in a bright room. 


The new Sonograf’ D. 


Here's an echocardiography system that’s 
to read with its big 12" rectangular 
monitor. This long-persistence oscillosc 
uses P26 phosphor which makes d 

visible even in a bright room. = 

That's just one of the reasons yo 
to seriously consider specifying th 
Sonograf D by Unirad. Here are some o 

Simplified linear slide controls all o 
surface. No old fashioned knobs, none 
to operate. 

There's just one switch that turns on 
entire system. If you're using the Honey 
recorder, it goes on automatically. 

Side panel connection for transducer. 
ECG that eliminates tangled wires at the fro 

Plus, there's no visible distortion of it 
quality in the echo. And Time Gain Compe 
sation (TGC) is independent of the Gain 
controls. 

The Sonograf D gets to bedside fast, sets 
up fast, and it's easy to operate, easy to reac 
For full details, see your Unirad Representative. 
Or simply send in the coupon today. 


Please send me more detailed informatio 
I about the new Sonograf D. Please Print. : 





| Name 


- Title 


i Hospital 




















(area code) (number) 


LJUNRAD 


PO. Box 39002 
Denver, Colorado 80239 : 
(303) 371-7400 AICA 


TM — Trademark of Ünirad Corpora 





Now... 

antihypertensive action 
at the vasdmptor centers 
in the brain | 
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entral action 


apr ears to lower 


throu 


Its 
sympathetic 
m Cardioaccelera- 
oconstrictor 
n the medulla 


Not a “depleter”, 
“blocker”, “inhibitor” or 
‘false transmitter” 


Not a rauwolfia 


AN 
ull 


BOEHRINGER 
INGELHEIM 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 








Effective in hypertension, 
mild to severe 





Mild and infrequent orthostatic hypotension 





Normal hemodynamic responses to exercise 


are unaffected 


Renal blood flow and glomerular filtration rate 


essentially unchanged 


Mild to moderate potency 


The most common side effects are dry mouth, drowsiness and 
sedation. These generally tend to diminish with continued therapy. 
Other potential adverse reactions are listed in the Brief Summary. 


Catapres® (clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the 
treatment of hypertension. As an antihy- 
pertensive drug, Catapres (clonidine 
hydrochloride) is mild to moderate in 
potency. It may be employed in a general 
treatment program with a diuretic and/or 
other antihypertensive agents as needed 
for proper patient response. 

Warnings: Tolerance may develop in some 
patients necessitating a reevaluation of 
therapy. 

Usage in Pregnancy: In view of embryo- 
toxic findings in animals, and since infor- 
mation on possible adverse effects in 
pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended 
in women who are or may become preg- 
nant unless the potential benefits outweigh 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience 
is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patients should be instructed not to dis- 
continue therapy without consulting their 
physician. Rare instances of hypertensive 
encephalopathy and death have been re- 
corded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has 
not been established in these cases. It has 
been demonstrated that an excessive rise 
in blood pressure, should it occur, can be 
reversed by resumption of clonidine 
hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in 
potentially hazardous activities, such as 
operating machinery or driving should be 
advised of the sedative effect. This drug 
may enhance the CNS-depressive effects 
of alcohol, barbiturates and other seda- 
tives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should 
be used with caution in patients with severe 
coronary insufficiency, recent myocardial 
infarction, cerebrovascular disease or 
chronic renal failure. 

As an integral part of their overall long- 
term care, patients treated with Catapres 
(clonidine hydrochloride) should receive 
periodic eye examinations. While, except 
for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings 
have been recorded with Catapres, in 


several studies the drug produced a dose- 
dependent increase in the incidence and 
severity of spontaneously occurring retinal 
degeneration in albino rats treated for 

6 months or longer. 


Adverse Reactions: The most common 
reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, head- 
ache, and fatigue have been reported. 
Generally these effects tend to diminish 
with continued therapy. The following re- 
actions have been associated with the drug, 
some of them rarely. (In some instances 
an exact causal relationship has not been 
established). These include: Anorexia, 
malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver func- 
tion tests; one report of possible drug- 
induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving 
clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride. 

Weight gain, transient elevation of blood 
glucose, or serum creatine phospho- 
kinase; congestive heart failure, Raynaud's 
phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, ner- 
vousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic 
edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash, 
impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal 
mucosa, pallor, gynecomastia, weakly. 
positive Coombs' test, asymptomatic elec- 
trocardiographic abnormalities manifested 
as Wenckebach period or ventricular 
trigeminy. 


Overdosage: Profound hypotension, weak- 
ness, somnolence, diminished or absent 
reflexes and vomiting followed the acci- 
dental ingestion of Catapres (clonidine 
hydrochloride) by several children from 
19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and 
vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals 
usually abolishes all effects of Catapres 
(clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of cloni- 
dine hydrochloride, is available as 0.1 mg 
(tan) and 0.2 mg (orange) oval, single- 
scored tablets in bottles of 100. 

For complete details, please see full 
prescribing information. 

Under license from 
Boehringer Ingelheim GmbH 


Need | Information? 
| ATTACH YOUR PRESENT ADORESS LABEL BELOW 





AFFIX LABEL 


it you have a new address please print it 
5 below. You. MUST include your ZIP code. Post 
Office rules will not permit us to send yeur 
magazine to you without it. 


| NAME 








TILES LLL inane 








Chip this entire form and attach it to any other 
4 - Correspondence you may have for us and mail 


merican Journal of Cardiology 
Dun-Donnetley Publishing Corporation 


Yorke Medical Journals 
Circulation Department 


. 666 Fifth Avenue, New York, N.Y, 10019 





pentaerythritol fefranitrate) BÜmg 

CAUTION it law prohibits dispensing 

without prescri 

Descriptio hinblet of Peritrate SA 
ateins pentaerythritol 


a nitric 


indications: Bosed ona review sf this drug 
by the National Academ 
earch Council and/or other 

assified the indica- 

Hons a as folla ow 
`P: 

srAhritol tetran 
relief of angina pectoris (pain associated 
with ene ey di : An is not 


episode bu 
ful in the oni 


effective indicat 
investigation, 


contraindicated in patients who have a history 
of sensitivity to the drug. 

Warning: Data supporting the use of Peritrate 
(pentoerythritol tetranitrate during the 

early days of the acute phase of myocardial 
infarction {the period during which clinical 
and laboratory findings are unstable) are 
insufficient to establish safety, 

This drug can act os a physiological 
ontagonist to norepinephrine, acetylcholine 
histamine, and many other agents. 
Precautions: Show e h caution in 

Tolerance to 
this dr ndc -tolé to other nitrites 
and nitrates may occur. 


; Adverse Reactions: Side effects reported to 


date have been predominantly relate 
(which requires discontinuotion of medicati 
and headache ond gastrointestinal distress, 
which are usually mild and transient with con- 
tinuation of medication. In so 2 
persistent headaches may occur. 

In addition, the following adverse r 
to nitrates such as pentaerythritol t 


(a) 

{b} Tror 
weakn 
cerebral ischesun ass 
postural hy € 
develop. 

(c) An occa l individual exhibits marked 
sensitivity to the hypotensive effects of 
nitrite and > responses (nausea 
vomiting, we ess, restlessness, pallor, 

irdtion and collapse) 
even wifh He usn th 


anempty stoma LHtobletimmediately.on 
ng and Ltablet 12 hours later. Tablets 
ould not be chewed. 
Supplied: Peritrate SA Sustained Action 
{pentaerythritol fetranitrate) 80 mg, double 
foyer, biconvex, dark green/light g 
0047-0004-51 
iN 00474 Algo in uni 
of 10-x 1C 


Also in un dose — packag 

(N 0047-0001-11). Peritrate TO mig —- light green, 
unscored tablets in bottles of 100 (N 0047. 
5097-51)! and 1000 [N 0047-000 7-60. 

Full information is avallable on request. 





inst attack. 


For over 22 years, Peritrate' has been 
considered by many physicians as one 
of the top defénsive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever- 
ity of angina attacks.” With minimal 
side effects. 

Peritrate can also help reduce nitro- 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 

LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN” 


Peritrate SA 


Sustained Action 


i 


pentaerythritol tetranitrate) 80mg 


J 


(wic) aeien 
Q Bi 


Morris Plains No. 07950 


PE Ge 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick 
helped defend China from the attack of 
Mongol hordes for more than 2,000 yeors. 


valuated as possibly 





Effectiveness... 





1.V. Administration Guidelines for Premature When therapeutic blood levels are required 
Ventricular Contractions and Tachycardia quickly, I.V. Injections 
1. Preparation of drug: Dilute before I.V. use. 100 mg. every 5 minutes until arrhythmia suppressed 


2. Usual dosage range: 200-1000 mg. (up to a maximum dose of 1 gram). 


3. Infusion rate: Not to exceed 25-50 mg. per minute. 
Total I.V. dose not to exceed 1000 mg. CJL o 
4. Precautionary measures: 
a. Keep patient in supine position. lam] o —- 
b. Monitor electrocardiographically and discontinue 
if myocardial toxicity is evidenced. LJL ».— 


c. Measure blood pressure almost continuously and 
temporarily discontinue infusion if blood pressure 
falls more than 15 mm. Hg. 





For ventricular arrhythmias 





S UIBB® 'The Priceless Ingredient of every product \ 
is the honor and integrity of its maker.'TM 


|. ABB i 


by a variety of routes 





I.V. Infusion Oral Administration Guidelines to Provide 
2-6 mg. per minute'. 50 mg. /kg./day* for Ventricular Arrhythmias 
(42.8 ng./min./kg.)? Ventricular Tachycardia 


1. Wyman MG, Hammersmith L: Am J Cardiol 33:661-667, 1974 (give priming dose of 1 g. if patient has not received 
2. Bigger JT, Jr., Giardina EV: MCV Quart 9 (1): 65-76, 1973 prior infusion) 


Premature Ventricular Contractions 





< 120 Ibs. 120-200 Ibs. 200 Ibs. 
250 mg. 375 mg. 500 mg. 
“ 3 - tablet q. 3 h. tablet q. 3 h. tablet q. 3 h. 
Terminate I.V. infusion n > 
4 hours before 1 
oral regimen begun. 


*This dosage schedule is for use as a guide for treating 
the average patient, but all patients must be considered 
on.an individual basis. 








Pronestyl 
(Procainamide Hydrochloride) 
through the entire therapeutic course 


/ See next page for brief summary. 


A59 






“This. may necessitate 
antarmym therapy. 



































diiovantricular ‘heart "block. Contraindicated in cases of second 
and third--degree-A-V. block unless an electrical pacemaker is 


ministration: Should procainamide therapy be continued for any 
] ciable vds Mgr ea should be made occasionally 


en tate is slowed; adequate P on reduces but 
bolish -this danger. Ventricular tachysystole is particularly 
i j 


‘in correcting atrial fibrillation due to the forceful contractions 
‘caution is required in attempting to adjust the heart rate 
ular tachycardia has, occurred during an occlusive coro- 
‘or where the use of procainamide may result in additional 
n of conduction and ventricular asystole or fibrillation as in 
‘degree and third degree A-V block, bundle branch block, or severe 
dcation. 

mind when treating ventricular arrhythmias in patients with 
rganic. héart disease and ventricular tachycardia that complete 
Ck, Aon. May be difficult to diagnose may be present. Since 








f amide Hydrochloride Injection U.S.P.) 

: Pronesty! injection (Procainamide Hydrochloride Injection 
"sterile aqueous solution providing 100 mg. or 500 mg. pro- 
hydrochloride per ml. The 100 mg./ml. potency contains 
"benzyl-alcoho! and 0.09% sodium bisulfite as preservatives. 
g./ml. potency contains 0.1% methylparaben and not more 
sodium bisulfite as preservatives. 

ns: |n patients with myasthenia gravis and where a hy- 
to “procainamide exists; cross sensitivity to procaine and 
Js must be borne in mind. Should not be given to patients 
ete atrioventricular heart block. Contraindicated in cases of 
e AN Block uniess an electrical mace is operative. 




































In the presence of myočardial 
2 biotalnamide may produce “untoward responses. in atrial fi- 
On or flutter, the ventricular rate may increase suddenly as the 
fale is. Slowed; adequate digi talization reduces but does not 


l undie branch block, or severe digitalis intoxication. 

Parenteral administrati on should be monitored electrocardiographi- 
whenever practicable. Parenteral administration shouid be discon- 
once if electrocardiograms give evidence of impending heart 
.cómplication should be kept in mind when treating ventric- 
ihmias (especially parenterally) in patients with severe organic 
ise and ventricular tachycardia who may also have complete 
Ck. Since asystole may result if the ventricular rate is signifi- 
wed without attainmert.of regular atrioventricular conduction, 
hould be stopped and the patient re-evaluated. 

presence of both liver and kidney.damace, norma! dosage may 
iptóms “of overdosage-—principally: ventricular tachycardia 
ypotension. 








_current life-threatening arrhythmias not otherwise controllable, sterg 






ling lupus erythematosus has been ‘reported with 
i h à 





skin lesions, San. 
cases of thrombocyto- 
possibly ‘related to: this 










E droke. have been paee Measure anti-nuclear antibody titers at 


fegular intervals in. patients on procainamide for extended periods of 
time or in whom symptoms suggestive cf lupus-tike reaction appear, in 
event of rising titer (anti-nuclear antibody) or clinical-symptor S ot LE, 
assess the benefit/risk ratio related-to- continued procainamide therapy 
(see boxed Warning:. Steroid therapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not 
otherwise controllable, steroid-suppressive therapy may be: used. 'con- 
comitantly with procainamide. 
Adverse Reactions: Hypotension is rare with oral adminisiratión. Seri- 

ous disturbances of cardiac rhythm such as ventricular asystolo; ot-fi- - 

brillation are more common with LV. administration. : 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/or pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chiiis have. been re- 
ported, including a case with nausea, vomiting, abdominal pain, acute 
hepatomegaly, and a rise in serum glutamic oxaloacetic transaminase- 
following single doses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore, routine blood counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any . 
soreness of the mouth, throat, or gums, unexplained fever or any.symp- '. ~ 
toms of upper respiratory tract infection. If any of these symptoms should = 
occur and leukocyte counts indicate cellular depression, procainamide. 
therapy should be ciscontinued and appropriate treatment should. be ^ 
instituted immediately. Bitter taste, diarrhea, weakness, mental depres- "^ 
sion. giddiness, psychosis with hallucinations, and hypersensitivity... 
reactions such as argioneurotic edema and maculopapular rash have. 
been reported. 

The package inseri should be read carefully to become familiar with 
the recommended dcsage for the indicated conditions and for full: pre. 
Scribing information. y 
How Supplied: Pronesty! Tablets (Procainamide Hydrochloride Tablets): 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100,” 













or Coombs-positive hemolytic anemia, possibly related to this syndrome 

have been reported. Measure anti-nuclear antibody titers at regular.in 
tervals in patients on procainamide for extended periods of time oriin 
whom symptoms suggestive of lupus-like reaction appear; discontinue 
drug in event of rising titer or clinical symptoms of LE. Steroid therapy. 
may be effective if discontinuation of procainamide does not cause 
remission of symptoms. If the syndrome develops in a patient with re: 











suppressive therapy may be used concomitantly with procainamide.:.: 


Adverse Reactions: Because procainamide is a peripheral vasodilátor, ^ 
LV. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is jess likely to cause < 
serious falls in blood pressure. Serious disturbances of cardiac rhythm 
Such às ventricular asystole or fibrillation are also more common with 
LV. administration 

A syndrome resembling ‘upus erythematosus has been reported. Re- . 
actions consisting of fever and chills inciuding a case with fever and 
chills plus nausea, vcmiting, abdominal pain, acute hepatomegaly and 
a rise in SGOT following single doses of the drug have been reported: 
Bitter taste, diarrhea, weakress, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopepuiar rash have been reported. Agranulocytosis 
has been occasionally repcrted following repeated use of the drug, and 
deaths have occurrec; therefore, routine blood counts are advisable 
during maintenance therapy. If soreness cf mouth, throat or gums, un- 
explained fever or any symptoms of upper respiratory tract infection 
should occur and leukocyte counts indicate cellular depression, procain-. 
amide therapy should be discontinued and appropriate treatment should 
be instituted immediately. : 








Administration: Orai administration is preferred. When parenteral iket- i 
apy is necessary, intramuscular administration is the method. of choice 
Intravenous use should be limited lo extreme emergencies, ‘the: drug ^ 
should be administered as a dilute infusion, and the patient Should be. 
monitored electrocardiegraphically. The intravenous dose should: not.ex 
ceed 1 gram. Administer at a rate not exceeding. 25 to 50 mg. per minute. 
Should procainamide therapy be continued for any appreciable period,” 
electrocatdiograms should be made occasionally fe. determine its. fure 
ther need. : 3 
-The package insert sould be tüad carefull y to become: familiar with, Án 
the. JTegommended Hosaga fot. the, indicated: conditions. : Vs 










hy a computerized cath lab. 


For rapid, on-the-spot CALCULATIONS to support your 
linical judgments in managing the procedure. 


For consistent ACCUAACY la analyalhg hamodyamit 


E E e LETA ELC ESSET LLL SB Ce LETS [Te ES eT mer: Lie E Ton 
abnormalities. 
or improved EFFICIENCY in handling a greater case load 
ithout expanding facilities and professional staff. 
or far better MANAGEMENT OF DATA, with results auto- 
atically printed in report form to save clerical time 
and prevent errors. 
or increased PROFICIENCY through a better grasp 
bf complex relationships between cardiac disease 
and associated hemodynamics. à 
or more effective TRAINING, because 33 
easurements and calculations can be 
mmediately related to the patient's 
ardiovascular problem, augment- 
ng time spent in manual analysis 
after the procedure. 
or extensive LEFT VENTRICULAR 


ANGIOGRAPHIC studies involving 
olume, pressure, stress and contrac- 


ility, impractical to do by manual 
methods. 





For RECOGNIZED VALUE from extensive usage 
in cath labs throughout the world. 


For INTEGRATED SYSTEM DESIGN froma 


manufacturer of computers, recording systems and 
system peripherals. 


For FULL SUPPORT from a company experienced 
in clinical programs, user training, system 
operation and hardware service. 


For the SYSTEM YOU NEED, ranging from 

a single-lab capability for studying acquired 
heart disease only (yet expandable in the future, if 
desired) — to very comprehensive capabilities for studying 
acquired and/or congenital defects in up to four labs simul- 


taneously (may also include LV volume studies as well). Maximum- 


capability systems further allow data entry into system, review, 
addition to report, and statistical analysis. 





For FUTURE ADAPTABILITY to new techniques through modular 


system design permitting addition of new programs and equipment 
as developed for cath lab procedures. 


For more information, send for a copy of PHYSICIAN'S GUIDE TO 
THE HP CATH LAB COMPUTER SYSTEM (AN 733). 


l 


HEWLETT hp, PACKARD 


Sales and service from 172 offices in 65 countries. 
Waltham, Massachusetts 02154 








The New 


XY ee 


Pulse 
Cienerator 


J -7 


its a revolution, airight. 
Revolutionary in its smallness 
(illustration is actual size). 
And revolutionary in the fact 
that bipolar and unipolar models 
are now the same size. 

The XvrRON'" pulse 
generator is evolutionary, too. 
It features the familiar quality, 
reliability and performance 
characteristics that today make 
Meatronic the pacemaker of 
choice throughout the world. 
With advantages like 
Energy Conservation and 
Energy Compensation. Plus the 
proven double-barrier 
power cell. 





A. 


XyTRON™. A small revolution 
The next logical step forward in 
pacemaking. 

Medtronic maintains a 
worldwide network of offices 
and representatives to serve the 
medical profession. Check your 
local telephone directory. 


LA edic 


THE PACEMAKER 


INI DMAMOAAALVIAISY 


SERVOMED + SERVOCARD 
the new possibilities .... 


for intensive-care monitoring and cardiac electrotherapy. New techniques push 

SERVOMED + SERVOCARD into top-class products of world-market standard. 

Technical refinements provide many special features you should compare. 
Photographs say little - therefore please ask for detailed information. 


Litton HELLIGE [H 


Medical Electronics PARTNERS IN MEDICINE 


HELLIGE GMBH : D-78 Freiburg im Breisgau - Heinrich-von-Stephan-StraBe 4 - Tel. (07 61) 4011-1 
USA Representatives: Litton Medical Electronics, Inc. - 10919 Franklin Avenue - Franklin Park, Illinois 60 131 





Tozodicins EX BIER 
new from Switzerland 


Alcohol is removed after 
it5 been brewed and aged. 


Looks and tastes just like 
great imported beer 


but has 6096 less calories. , 
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LT BEVERAGE 
prewed” 
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*59 calories per 11/2 ounces. 


For more information write: 


Package Distributors of America, Inc. 
1345 Avenue of the Americas 
New York, N.Y. 10019 


New from USV for your hypertensive patients 


The 








Compliance PAK 
To help combat 
Hypo-compliance 


THE FIRST AND ONLY 28-DAY 
ANTIHYPERTENSIVE PAK 





_ Hypertension/Hygroton’ chiorthalidone) 
X Hypo-compliance is the failure or inability of y t low your prescribed there 


n of your hypertensive patients to follow your pr 


/ 


once-a-day 


Hygroto 


chlorthalidone 


00mg. PA 


The only antihypertensive PAK 





“In our experience, chlorthalidone 


[Hygroton] is the only truly long-acting 


diuretic, permitting once-a-day 
administration.” 


Calendar format encourages 


compliance 


New, convenient 28-day Hygroton PAK 


is easy for your hypertensive 
patients to read and follow. 


Costs no more 


Convenient, easy-to-use 28-day 


Hygroton PAK costs no more than a 


regular monthly supply of Hygroton 
tablets.? 


1. Finnerty, F. A., Jr.: Am. Fam. Physician 7:99, 1973. 


2. Based on American Druggist Blue Book (1974) prices. 


ALSO AVAILABLE: 


Hygroton 100... PAK 


(chlorthalidone) 


USV PHARMACEUTICAL MFG. CORP. 


PHARMACEUTICALS Manati, P.R. 00701 








BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in 
edema. Contraindications: Anuria, hypersensi- 
tivity to chlorthalidone; routine use of diuretics in 
anotherwise healthy pregnant woman with or 
without mild edema is contraindicated and possi- 
bly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic 
function or progressive liver disease. May be 
additive or potentiative of the action of other 
antihypertensive drugs. Sensitivity reactions may 
occur in patients with a history of allergy or bron- 
chial asthma. Usage in women of childbearing 
age requires that the potential benefits of the drug 
be weighed against its possible hazards to the 
fetus. These hazards include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other 
adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. Precautions: Periodic determination 
of serum electrolytes to detect possible electro- 
lyte imbalance should be performed at appropri- 
ate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or 
electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are 
particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medi- 
cation such as digitalis may also influence serum 
electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, 
especially with brisk diuresis, when severe cirrho- 
Sis is present, or during concomitant use of cor- 
ticosteroids or ACTH. Interference with adequate 
oral electrolyte intake will also contribute to hypo- 
kalemia. Digitalis therapy may exaggerate meta- 
bolic effects of hypokalemia especially with 
reference to myocardial activity. Any chloride def- 
icitis generally mild and usually does not require 
specific treatment except under extraordinary cir- 
cumstances (as in liver disease or renal disease). 
Dilutional hyponatremia may occur in edematous 
patients in hot weather. Hyperuricemia may 
occur or gout precipitated in certain patients. 
Insulin requirements in diabetic patients may be 
increasec, decreased, or unchanged and latent 
diabetes mellitus may become manifest. Chlor- 
thalidone and related drugs may increase the 
responsiveness to tubocurarine. The antihyper- 
tensive effects of the drug may be enhanced in 
the postsympathectomy patient. Chlorthalidone 
andrelated drugs may decrease arterial respon- 
Siveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, 
acareful reappraisal of therapy is necessary with 
consideration given to withholding or discontin- 
uing diuretic therapy. Chlorthalidone and related 
drugs may decrease serum PBI levels without 
Signs of thyroid disturbance. Adverse Reac- 
tions: Anorexia, gastric irritation, nausea, vomit- 
ing, cramping, diarrhea, constipation, jaundice 
(intrahepatic cholestatic jaundice), pancreatitis; 
dizziness, vertigo, paresthesias, headache, 
xanthopsia; leukopenia, agranulocytosis, throm- 
bocytopenia, aplastic anemia; purpura, pho- 
tosensitivity, rash, urticaria, necrotizing angiitis 
(vasculitis) (cutaneous vasculitis), Lyell's syn- 
drome (toxic epidermal necrolysis). Orthostatic 
hypotension may occur and may be aggravated 
by alcohol, barbiturates or narcotics. Other 
adverse reactions include hyperglycemia, glyco- 
suria, hyperuricemia, muscle spasm, weakness, 
restlessness, impotence. Whenever adverse 
reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. 
Usual Dose: One tablet daily. How Supplied: 
Tablets— 100 mg. (white, scored) and 50 mg. 
(aqua) in bottles of 100 and 1000; single-dose 
blister packs, boxes of 500; PAKS of 28 tablets, 
boxes of 6. 


The Only System 


for Non-invasive Left 


Ventricular Ejection Time 


....the Chirife-Collins LVE.T. Monitor 


e Simple, non-invasive technique 

e No electrical connections to patient 
Ideal for monitoring L.V.E.T. dur- 
ing treadmill walking 
Ideal for monitoring L.V.E.T. dur- 
ing ergometer pedaling 
Ideal for monitoring L.V.E.T. of 
cardiac patients in CCU or ICU 

e Simple, comfortable earpiece 
pickup | 

e Measures heart rate simultan- 
eously and permits rate correction © 
of L.V.E.T. ; 

e Continuous visual monitoring @ 
heart rate 





“a life-saving measure in 
a substantial minority of patients" 


The Avco Intra-Aortic Balloon Pump 


...and the Sooner, the Better. 


The rationale of intra-aortic balloon 
pump (IABP) therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
aorta at the beginning of systole, myo- 
cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


Documented effectiveness 


The IABP's effectiveness is clinically proven in the treatment 
of cardiogenic shock and in weaning patients from cardiopul- 
monary bypass. It is a "lifesaving measure in a substantial 
minority of patients who would otherwise die of cardiogenic 
shock." " Braunwald and Maroko* estimate that 20% of pa- 
tients who would otherwise die can be saved, while another 
20% can be stabilized for diagnosis and surgical intervention. 


IABP "significantly reduced the magnitude and extent of acute 
myocardial ischemic injury" "in animal studies. The authors’ 
preliminary clinical results also demonstrated reduced is- 
chemia as well as hemodynamic improvement. 


Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach^ These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates ^ used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived; 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


*Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division 





The IABP versus drugs 


Dunkman and others” have concluded 
that “catecholamines may actually in- 
crease ventricular dysfunction and ne- 
crosis ‘whereas the IABP's enhancement 
of coronary perfusion and reduction of 
oxygen-consuming work in the left ven- 
tricle can save patients if applied before 
about 40% of the left ventricle is irre- 
trievably damaged. Moreover, IABP per- 
mits safe use of drugs if needed. 


AVCO, the most experienced 
system 


The internal counterpulsation system 
most widely used clinically is the Avco 
IABP. There are some very practical 
reasons for this dominance. 


Patented 3-chamber balloon design pre- 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal rhythms. 


Automatic reset for changes in interval 
or loss of R wave. 


Safety engineering with fail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1 Editorial. JAMA 224:245, 1973 

2 Braunwald. E. and Maroko. PR. Ann Int. Med 
76:659. 1972 

3. Maroko. P R. et al. Circulation 45:1150, 1972 

4. Leinbach. R.C.. quoted in Emerg. Med. 5:107. 1973 

5. Buckley. M.J. et al (abstract). Circulation 46, Suppl 
2:76. 1972 

6. Dunkman. WB. et al. Circulation 46:465. 1972 


Write for information on clinical experience and the annual Avco 
Pump Users' Meeting. Your local representative can arrange an 
Avco IABP demonstration in either a clinical or experimental 


setting. 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 
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HILIPS 


® TM N V. Philips of Holland 


What Philips Modular Generators 
can do for you is your choice. 


The principle is Modularity. With it, Philips offers eco- 
nomic and professional possibilities never before 
available in one family of X-ray generators. 


Modularity. With it, you have choices: 


The Choice of Which: Philips’ full line of modular 
generators ranges in power output from 50kw/125kV/ 
10ms to 150kw/150kV/1ms. Within that range is a 
generatorto meet your needs now and years from now. 


The Choice of What: Each control-panel module 
performs specific functions. You select the capabil- 
ities (the modules) and virtually customize your gen- 
erator. With module additions or substitutions, the sys- 
tem can be adapted or extended to meet future needs. 
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The Choice of How: Modularity means flexibility. 
Maximum options. So how you use a Philips modular 
generator is up to you. In radiography, choose from 
four different operating modes. Or from up to 40 pre- 
set exposures for Anatomically Programmed Radiog- 
raphy (Philips APR). In fluoroscopy, all options lead 
to the quality imaging you expect from Philips. 





The Choice of How Many: One Philips modular gen- 
erator becomes a full time-sharing program whenever 
you're ready. Simply add Philips Duplex and/or 
Philips APR control panels to the base generator. The 
combination will operate up to six different auxiliaries. 
The Sensible Choice: Add the unprecedented econ- 
omy of plug-in installation and rapid service, and 
Philips modular generators become the sensible 
choice. The only choice. =or optimum economy and 
efficiency. For maximum space utilization. For vastly 
improved patient handling. 


Philips modular generators. The choices grow on you. 


Write for additional information. 


PHILIPS MEDICAL SYSTEMS, INC. 


A NORTH AMERICAN PHILIPS COMPANY 


710 Bridgeport Avenue, Shelton, Conn. 06484 
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Our paticm care 
commitment... 
yesterday, today 
and tor 









rent began more than 
15 years ago. We recognized that physiological data systems must con: 
of more than just good hardware, that our commitment to you and 
better patient care must be total. 


Today. Honeywell products for health care can be found in 
cardiovascular diagnostic, surgical monitoring facilities, hospital data 
centers and clinical laboratories all over the world. 

Our commitment includes six different physiological data systems: 
phonocardiography, echocardiography, catherization, surgery, surgical 
intensive care and a G.I. motility system. Each medical-engineered and 
supported by Honeywell application specialists. Our commitment includ 
professional training for your people and a choice of several 
comprehensive service programs. 


Tomorrow. Tomorrow's biomedical monitoring systems are being 
built now in Honeywell R&D facilities . . . to make your job easier, to me 
diagnosis more accurate and to help assure the most modern patient ca! 

For more information, please call or write Stan Edwards, Physiologic: 
Data Systems, Honeywell Test Instruments Division, P.O. Box 5227, 
Denver, CO 80217. (303) 771-4700. 
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and the resting electrocardiogram may be normal in the 
severe obstructive coronary atherosclerosis. — 











































The omnicardiogram is a new technique in which various leads 

standard electrocardiogram are digitized and subjected to a non 
mathematical transformation so as to detect subtle degrees of 
mality not apparent in the original electrocardiogram. Its usefuln 
the detection of heart disease was studied in 121 male patient 
normal resting 12 lead electrocardiogram who underwent sel 
coronary cineangiography for a chest pain syndrome. In normote 
patients with a normal resting electrocardiogram, an abnormal 
cardiogram was recorded in 81 percent of those with three vessel 
ease, 67 percent of those with two vessel disease and 41 pe 

those with one vessel disease. Nineteen percent of patients wi 
mal coronary arteries or nonobstructive coronary artery disea 
false positive tracings. The omnicardiogram was abnormal in 8 
cent of patients with hypertension whether or not coronary arte 
ease was present. A double Master exercise test was perform 
109 of the 121 patients. In normotensive patients results of th 
were positive in 67 percent of those with three vessel disease, 3 
cent of those with two vessel disease and 14 percent of those with 
vessel disease. There was a 4 percent rate of false positive t a 
Thus in our study, the omnicardiogram appeared to be supe! 
Master test and to provide a useful new approach to detectio 
nary artery disease in male patients with a normal resting elect 
ogram. 


Coronary artery disease and its complications are the lead 
of death in North America and Western Europe. In one con 
they accounted for 40 percent of deaths in men.! Corot 
sclerosis may also be clinically silent, as evidenced by the 
gross pathologic evidence of this condition in 75 percent of y 
American soldiers killed in the Korean War. Ten percent of th 
men had greater than 70 percent narrowing of the lumen of o 
more major coronary arteries.? Although early diagnosis of coro 
artery disease is desirable, the resting electrocardiogram has bee 
limited use in this regard. In various studies, 50 to 70 percent 
patients with angina pectoris and presumed underlying coronat 
erosclerosis have had a normal resting 12 lead electrocardi 
Similar findings have been confirmed in patients with an 
cally documented obstructive coronary artery disease; in. 
590 such patients, 40 percent had a normal resting el 
gram.? It thus appears that abnormalities in the resting electr 
gram may be a late finding in patients with coronary athero 
























or " 
FIGURE 1. Typical omnicardiographic patterns. Left, a normal trac- 
ng. Right, abnormal tracing. Corresponding scalar V4 leads from 
which the. omnicardiograms were derived are below. The arrows 
oint to places where the omnicardiographic pattern falls outside the 


tive coronary artery disease.9-? A negative re- 
ponse to exercise does not exclude coronary artery 
ease, and false positive responses are found in the 
sence of such disease.9^ This report examines the 
efulness of the omnicardiogram, a new technique 
"detecting coronary artery disease in men with a 
rmal resting 12 lead electrocardiogram. 


Material and Methods 


ase material: The study population consisted of 121 
le patients with a chest pain syndrome and a resting 12 
id electrocardiogram interpreted as normal using con- 
ntional criteria. All patients underwent cardiac cathe- 
erization studies, including selective coronary cineangiog- 















(0 € Nermotensive Patients —————— 3. 


vm i raphy by either the judkins or Sones approach, left ven- 
triculography and transmyocardial lactate determinations 






© 9VD.- 2VD —. IVD NOCAD NL HBP 
= SCAD 


during pacing-induced tachycardia (29 patients), between 
January 1968 and July 1972. Patients with coexisting rheu- 
matic heart disease, patients treated with digitalis and pa- 
tients with a history of myocarditis or pericarditis were ex- 
cluded from the study. pL 

Significant obstructive disease of a coronary artery was 
defined as greater than 75 percent narrowing of the lumen; 
lesser degrees of obstruction were termed nonobstructive 
disease. The patients were categorized on the basis of the 
presence or absence of obstructive coronary artery disease 
and the number of vessels involved. Hypertension was 
diagnosed when at least two of the following three criteria 
were present: (1) history of hypertension, (2) systolic and 
diastolic hypertension om admission (blood pressure great- 
er than 150/90 mm Hg) and (3) intraarterial hypertension 
at rest during cardiac catheterization. Of these patients 109 
performed a Master two-step test and the responses were 
interpreted using previously determined criteria.!°-!2 Re- - 
sponses were considered positive if there was straight or 
downsloping S-T depression of 0.5 mm or more in one or 
more leads. Nonpositive test responses in subjects with a 
maximal postexercise heart rate of less than 110 beats/min 
were classified as inadequate rate responses, and the data 
were considered uninterpretable because of inadequate 
stress. 

Omnicardiogram: Electrocardiograms were recorded 
using either a Hewlett-Packard 1511 single channel or 
Marquette series 2000 three channel machine. Five leads of 
the standard 12 lead electrocardiogram—I, II, V4, V5 and 
Ve—were photographically enlarged and two complexes of 


each lead were digitized using an Autotrol model 3400... 
semiautomatic analog to digital converter and the data . — 


punched on International Business Machines cards. With 
use of an IBM 1130 computer the digitized data of the volt- 
age amplitude (V) and the time (t) were normalized with 
respect to amplitude and time and subjected to a nonlinear 
mathematical transformation that transformed the coordi- 
nates from a V, t plane to an f, g plane where f and g are 
complex functions of V and t obtained by multiple numeri- 
cal integrations.!? This new data format was further trans- 
formed into polar coordinates and topologically changed to 
a closed form (see Appendix). The results were printed 
using a Calcomp x-y plotter. This process produced a dis- 


FIGURE 2. Results of omnicardiographic analyses in 
patients with normai blood pressure (open bars) and 
hypertension {hatched bars). C = with; CAD = ob- 
structive coronary artery disease; HBP = hyperten- 
sion; NL — normal; NOCAD = nonobstructive coronary 
artery disease, 6 = without; OCG = omnicardiogram; 
TCAD ^. 3VD, 2 VD and 1 VD = three, two and one vessel dis- 


ease, respectively. : . 




















yielded a maximal degree of visual discrimination 


| d he data were. comp ed with previously determined 


ese mplates of normality had been determined from 
i 4 patients with a normal resting 12 lead electrocar- 


e bene and 15 percent false positive responses. 
[he individual .omnicardiographic lead patterns were 
med: abnormal if the presentation fell outside the nor- 
nal template and normal if within the template (Fig. 1). 
'he overall omnicardiogram was considered abnormal if 4 
more of the 10 individual complexes were abnormal. The 
ja for abnormality were determined before the study 
he omnicardiograms were recorded and classified 
hout knowledge of the clinical or angiographic data. 


Results 


"Correlation of omnicardiogram and coronary 
rteriogram: Figure 1 shows representative single 
-lead omnicardiograms of lead V4. The tracing on the 
eft is normal, the pattern remaining within the 
boundaries of the normal template; the tracing on the 
ight is abnormal, deviating outside the boundaries of 
rmal in two places. The overall results in the 121 
atients are shown in Table I and summarized graph- 
cally in Figure 2. In the absence of hypertension, the 
mnicardiogram was abnormal in 81 percent of pa- 
ients with three vessel disease, 67 percent of those 
with two vessel disease and 41 percent of those with 
one vessel disease. In the presence of hypertension, 
e omnicardiogram was abnormal in 85 percent of 
patients with and 77 percent of patients without ob- 
structive coronary artery disease. The omnicardi- 
ogram was abnormal in 76 percent of all patients with 
two and three vessel disease (with or without hyper- 
tension). The abnormal omnicardiogram appeared to 
: be specific for heart disease in this series of patients 
ince 91 percent (58 of 64) of patients with an abnor- 
mal tracing had either obstructive coronary artery 
disease or hypertension. 
` ; Among normotensive patients there was no signifi- 
cant difference between the percent of abnormal om- 
-nicardiograms in those with nonobstructive coronary 
artery disease or with normal coronary arteries; 19 
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FIGURE 3. Results of Master exer- 
cise test in patients with normal blood 
pressure (open bars) and hyperten- 
(hatched bars). The data on the 
exclude all patients without isch- 
: S-T abnormalities who had inad- 
ate degrees. of stress (heart rate 
than 110 beats/min). -Abbrevia- 
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Analysis of Omnicardiograms (OCG 





ocG 3VD.— 2¥D 1VD — NOCAD 





A. All Patients (no. = 121) 





Abnormal 
no. 15 
83 
Normal (no.) 
Total (no.) 





~ Abnormal 
no. 
96 


Normal (no.) 





Abroma 
no. 
% 


Normal (no.) 





Abbreviations as in Figure 2. 


percent of these patients (6 of 32) had a fals 
tracing. Two of these six patients had no 
nary arteries but abnormal myocardial lac 
duction during tachycardia induced by ; 
pacing. No patient with a normal omnicard 
had abnormal lactate metabolism. 

The data from the 35 patients with one ves 
ease were further classified according to the 
major coronary arteries to determine if the inci 
of abnormal omnicardiograms was related to the 
sel involved. Although there was a trend toward m: 
frequent detection of disease in the right or | 
cumflex coronary artery than in the left anterio 
scending artery, it was not statistically signif 
20.05). 

Only three patients (2 percent) had evide ice 0 


finding was probably related to the: desig 
study which was limited to analysis of data i 

































































no correlation between increased left ventricular 
d-d iastolic pressure and an abnormal. omnicar- 
ogram. . 
Since there may be changes i in the resting electro- 
diogram with increasing age,? the ages of patients 
th abnormal and normal omnicardiograms were 
mpared; no significant difference was revealed. 
mean age of patients with an abnormal tracing 
46 years (range 31 te 63); that of patients with a 
mal omnicardiogram was 45 years (range 33 to 61) 
omparison. with Master exercise test: The re- 
: of the double Master test performed by 109 of 
121 patients are shown in Figure 3. If one ex- 
patients with an inadequate rate response— 
s, insufficient stress—in the normotensive 
p. the test was positive in 100 percent of patients 
three vessel disease, 71 percent of those with 
vessel disease and 36 percent of those with one 
| disease. The false positive response rate in pa- 
s ith nonobstructive coronary artery disease or 
ronary arteries was 13 percent. In hyper- 
ve patients, the Master test was positive in 86 
40 percent, respectively, of those with and with- 
isting obstructive disease. However, because 
large number of patients with an inadequate 
ponse in all subgroups, the Master test was a 
asitive screening test for obstructive coronary 
disease in the entire group of 109 patients. 
he 85 normotensive patients, positive exer- 
st esponses were recorded for 67 percent of 
with three vessel disease, 31 percent of those 
.vessel disease amd 14 percent of those with 
ssel disease; there was a false positive response 
percent. A comparison of the results of the 
diogram and the Master test in normotensive 
ts (Table IT) revealed that the omnicardiogram 
significantly higher detection rate in patients 
ie and two vessel disease and in the total group 
onary artery disease. 














Discussion 


iè early detection of coronary artery disease is an 
rtant problem. The resting 12 lead electrocar- 
shows marked variations within the normal 
nd a normal electrocardiogram does not ex- 


OCG FLOW CHART 


oo INTEGRATION NORMALIZATION 

















no al renting electro ardiogram. There TABLE | 


Comparison of Abnormäl i Omniċardiogram and Positive 
Master: Exercise Test i in Detection of Coronary Artery Disease 











Abnormal ' 
Omnicardiogram Positive Master: 

no. z P Value noc 9$ ; 
3 VD 13ofló 81 NS 10oflb 67. 
2 VD 12 of 18 67 «0.05 — 5ofl6 3l 
1VD 12 of 29 41 «0.001 Aof28 ..14 
Ail CAD 37 of 63 59 «:0.005 190f59 ..32 
Normal + 6 of 26 19 NS lof26 4 

NOCAD 





P value — significance cf difference in detection of the two i 
tests. 
Abbreviations as in Table I. 


clude the presence of significant heart disease. The 
overall experience with exercise stress testing to de- 
tect occult coronary disease in patients has been var- 
ied. In this study we investigated the usefulness of 
the omnicardiogram, a new technique for detecting 
coronary artery disease in men. No women were stud- 


ied because of significant variations in the electrocar- = 
diogram and responses to exercise in normal women — 


and the current lack of normal and abnormal tem- . 
plates for the omnicardiogram in women. The tech-- 


nique of the omnicardiogram is unrelated either to. : 


computer analysis of the electrocardiogram using © 
predetermined diagnostic criteria? or to polarcardi- `. 
ography. 16 : 


It is a form of signal processing, and is related to 7 f iu 


methods used in other scientific fields to detect min-. 


ute differences in various signals to allow better dis- — 


crimination concerning the nature of the signals. 
With this technique we compared the transformed 
and processed wave forms in 121 cases with wave 
forms previously determined to be normal or abnor- 
mal on the basis of the presence or absence of ob- 
structive coronary artery disease. It thus follows that 


it is empirical in nature and not based on externally 


imposed criteria. Because the transformations and- 


integrations used to obtain the omnicardiogram de- = 
pend upon interrelations of the voltage and time |. 


TRANSFORMATIONS 


_ FIGURE. 4. Omnicardiographic flow: chart. ilus- 
= trating the method o of he PINE ere pe * 
2 ta $ $ 



















characteristics of the various waves (P, QRS, T, U) 
and intervals (P-R, Q-T, T-P), rather than upon sep- 
rate analysis of each wave or interval, use of the om- 
rdiogram appears to permit extraction of more 
mation from the electrocardiographic wave 
s than can be obtained by standard methods. 
er, for the same reasons, it is not possible at 
| to attribute the normality or abnormality of 
ə omnicardiogram to specific features such as the T 
iave or the S-T segment. 
Detection rate for obstructive coronary artery 
ease: In this study, the omnicardiogram permit- 
ted detection of obstructive coronary artery disease 
normotensive male patients with chest pain at a 
e that varied directly with the number of vessels 
nvolved; the rate of false positive tracings was 19 
rcent. Although the detection rate for one vessel 
isease (41 percent) was lower than that for two and 
three vessel disease combined (74 percent), both 
‘rates were significantly different (chi square, P 
..«0.001) from the false positive rate. A lower rate of 
detection of one vessel disease was also found with 
xercise testing in this study and in other published 
series.!1.)? 
< Comparison with exercise test: Since the double 
Master test is widely used as a stress test, particular- 
ly in office and outpatient clinics, we compared re- 
sults of this test with data from the omnicardiogram 
^in 109 of the 121 patients. We have previously found 
the Master test useful in detecting myocardial isch- 
omia in patients with an adequate rate response to 
this test.!!? (Patients with an inadequate rate re- 
sponse are now subjected to maximal stress testing in 
r laboratory.) In the present group of patients with 
chest. pain syndrome, there were many in each 
| subgroup with an inadequate rate response and, con- 
sequently, a positive Master test had a lower overall 
. rate of detecting obstructive coronary artery disease 
than did the omnicardiogram. Although the Master 
test is reasonably safe, there is a small but definite 
rate of morbidity and mortality, necessitating the 
esence of resuscitative equipment and trained per- 
sonnel.!7 Thus, for ease and safety as well as higher 
yield, the omnicardiogram appears to be superior to 
the Master test. 
Specificity for coronary artery disease: Since 
the study group consisted of patients with a chest 
pain syndrome who underwent coronary arteriogra- 
. phy, the majority of patients with an abnormal omni- 
-cardiogram had obstructive coronary artery disease. 
^ However, patients with hypertension also had a high 
percentage of abnormal omnicardiograms, regardless 
of the presence or degree of obstructive coronary ar- 
tery disease. Two patients with false positive tracings 
had evidence of abnormal myocardial metabolism as 
demonstrated by abnormal lactate production during 
pacing-induced tachycardia. Thus, although the tem- 
tes were developed from data in patients with an- 
iographically demonstrated obstructive coronary ar- 
disease, an abnormal omnicardiogram does not 





















ut rather to detect early changes in myocardial 





to show specificity for coronary artery dis-  _ 
^ could be produced by the Calcomp plotter. 
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electrophysiology, regardless of cause. These ear! 
changes are manifested as subtle alterations in 
resting electrocardiogram, imperceptible in the s 
dard voltage and time format. ETT 
Clinical implication: This report demonstra 
the usefulness of the omnicardiogram, a new, noni 
vasive approach to the detection of heart disease | 
male patients with chest pain syndrome and a n 
resting 12 lead electrocardiogram. Further wor 
necessary to determine whether the technique can 
applied in women with this syndrome and in as 
tomatic persons with a normal resting 12 lead e 
trocardiogram. eee 





























Appendix qe RS 

The omnicardiogram is produced by a series of integ 
tions, normalizations and transformations depicted in t 
flow chart of Figure 4 where: ERE 
V - voltage amplitude of the standard electrocar 





















































































gram. 
|V| = absolute value of V. 
t = time. 





o = point at which time the omnicardiographic p: 
is initiated. "E 
t, = time at which i Vdt is at a positive maxim 

to = time at which Sy” s” |V| dtdt is.at an a 
maximum. 

t; = corresponding time at which V is measured. 

r = radius vector of the omnicardiographic tracing. - 

6 = angle of the radius vector. VICES 
The standard electrocardiogram is depicted in bo 
This voltage versus time signal is integrated continu 
during the interval of time from o to t; (box 2). The inte; 
for each time t is normalized by dividing by the m 
value of the integral: f Vdt. This normalized integ 
fines a new function “f” (box 4). For each point in tim 
the integral in box 2 is integrated so as to form the 
integral (box 3) which is also normalized by dividing 
absolute maximum of the integral: Sy” Kf ^s |V] dtd 
defines a second new function “g” (box 5). In box 6a 
g versus f is depicted. This is the next step in the p 
tion of the omnicardiogram and the template guidi 
normality. The normal templates for this study ha 
previously determined by performing this transform 
in 54 patients with normal coronary artériograms. A 
lope or template was generated into which the maj 
these f,g transforms fell. In addition, when further 
the transforms from the majority of patients with : 
coronary arteriograms fell out of the boundaries 
template in one or more places. See 

In each lead set the templates were subjected to the 
lowing transformations: First the templates were che 
into closed polar form (box 7) and then changed into. 
cular format to allow a greater degree of visual per 

(box 8). This was accomplished by a nonlinear topolog 
orientation of the polar coordinates so that the tem 
boundaries were displayed as two circles tangent 
point. This transformation is analogous to the stretchi 
a rubber membrane to transform the original pattern: 
the circular ones. Once the proper transformations w 
termined for each lead set the f,g plot for the patien 
studied was subjected to the same transformations ( 
and 8). The resulting curve and the templates "were t. 
converted. back to Cartesian coordinates using the trans. 
forms in box 9 so that the final omnicardiographic displ 
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ect of Transducer Placement on Echocardiographic — 
Measurement of Left Ventricular Dimensions E 






RICHARD L. POPP, MD, FACC An echocardiogram from the left ventricle may be used to 

KATHERINE FILLY, BS ventricular volume and rate of circumferential fiber shortei 
. OWEN R. BROWN sure posterior wall and interventricular septal thickness 
DONALD C. HARRISON, MD, FACC ate the normality of septal motion. Extended application 
-. Stanford, California nique in this laboratory has emphasized the need for a mor 
ized means of transducer location and direction. The effei 
the ultrasonic transducer in several intercostal spaces a 
sternal border was tested in 14 patients. Variability in the 
lar dimension and the difference in this dimension from 
end-systole were greater than for duplicate measuremet 
same interspace. A system has been developed for more c 
placement of the transducer in each patient, using intracar 

marks and observation of transducer orientation to record sp 
diac structures. Ux 


































Several laboratories have demonstrated a relation between 
graphic left ventricular dimension and angiographic volun 
left ventricle.!-6 The change in this left ventricular dimensio 
ejection has been used to estimate stroke volume and veloci 
cumferential fiber shortening.i-!! Use of this technique 
quantitative measurements requires standardization of the rec 
dimension in all patients and reproducibility in the same 
serial studies. It has been proposed that simultaneous re 
continuous endocardial echoes from both the left ventric 
or wall and interventricular septum, with the transduc 
in the third or fourth intercostal space, would ensure 
path of the sonic beam through the ventricle in each cas 
laboratory this premise was apparently false in many c 

patients, full M-mode sector scans could be obtained from 
tercostal spaces. We therefore developed criteria for sele 
intercostal space from which such scans and volume stu 
performed. This investigation was designed to determ 
ability in echographic left ventricular dimensions obtai 
different intercostal spaces for transducer placement. |: 


Methods 


An attempt was made to record full M-mode sector scans oft 
cle and outflow tract with the transducer positioned along t 
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Second, third, fourth and fifth intercostal space, respectively. 


rd interspace" was defined using intracardiac landmarks 
d transducer orientation. The “standard interspace” per- 
d recording of the anterior mitral leaflet while the 
sducer was held perpendicular to the chest wall, with 
ght medial but no superior or inferior angulation. 
h interspace was sampled consecutively and then a du- 
recording was made from the "standard inter- 
the level of the chordae tendineae measurements were 
from the left side of the interventricular septum to 
endocardial surface of the lef: ventricular posterior wall 
-diastole, defined by the R wave of the electrocardio- 
ic QRS complex, and at erd-systole, defined by the 
llest septal-posterior wall endocardial distance. The 
olic motion pattern of the septum was also noted. 
Results 
e ability to record a full record from more than 
 interspaces was not directly related to age. Full 
mode sector scans of diagnostic quality were ob- 
ed from four intercostal spaces in three patients, 
e intercostal spaces in seven patients and two in- 


"standard interspace" dem- 
to 4. mm (mean 0.5 mm) in 
dimension. Comparison of 


URE 1. Sections of M-mode sector scans from a patient with mitral stenosis with the transducer sequentially plac 
and fifth intercostal spaces. Each section represents the portion of the recording from the area of the left ventricle at the level of the 
'dae tendineae (left) to the area of the mitral valve (right). Well defined echoes from the left endocardial surface of the interventricular sep- 
and the endocardial surface of the left ventricular posterior wall are seen in each record. Note tha alteration in interventricular septal mo- 
osterior wall motion, wall thickness and ventricular dimensions comparing each of these records. An arrow indicates the dimension mea- 
d from the interventricular septum to the left ventricular posterior wall. The electrocardiogram is displayed above each panel. 2, 3, 4, 5 = 
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ed in the second, third, 


left ventricular dimensions measured from each of 
the interspaces in a given patient showed a range of 0 
to 13 mm (mean 4.3 mm) (Fig. 2). The difference be- 
tween the end-diastolic and end-systolic left ventric- 
ular dimension obtained with the transducer in dif- 
ferent interspaces in the same patient ranged from 0 
to 11 mm (mean 4.6 mm) (Fig. 3). Duplicate measure- 
ments from the same interspace ranged from 0 to 5 
mm (mean 1.5 mm) (Fig. 3). 

In the assessment of systolic septal motion, it was 
possible to recognize a basal portion of the interven- 
iricular septum near its junction with the anterior 
aortic root because of the systolic anterior motion of 
this portion of the septum and its relative thinness 
compared with more apical portions of the septum 
(Fig. 4). The more apical portions of the interventric- 
ular septum showed an increased amplitude of the 
normal motion pattern in 10 of the 14 cases. In two 
cases the apical portion of the interventricular sep- 
tum showed no net motion during systole and in two 
patients this portion of the septum moved slightly 
toward the transducer during systole. 


Discussion 
Echocardiogram from a “standard interspace”: 


A section of the left ventricular posterior wall be- 
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| FIGURE 3. A, comparison of the change in left ventricular dimension from end-diastole to end-systole (AD) from tl standar 
space (Ds) at different times during one study period (ADs-1 and ADs-2). B, comparison of the change in left ventricular dimens: 
diastole to end-systole (AD) from the "standard intercostal’ space (D,) compared with the next highest (Dn) and next I 
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recognize inclusion of the mitral valve or the papil- 
y muscle in the sonic beam, and for this reason a 
area of the left ventricular posterior wall can be 
ized in each patient. It is much more difficult to 
icalize the portion of the interventricular septum 
t is being traversed. Our study shows that it is 
ossible to direct the beam to this single portion of 
e left ventricular posterior wall from various posi- 
on the chest wall while still recording an accept- 
echocardiographic pattern (Fig. 1). Our results 
ww a definite difference between the left ventricu- 
ensions measured from different intercostal 
s as well as a definite difference in the ampli- 
ide of change from end-diastole to end-systole (Fig. 
8). If one desires reproducible measurements of 
left ventricular dimension and its change 
oughout the cardiac cycle, then the relation of the 
isducer to the heart must be the same in each pa- 
. It may be equally important to recognize that 
ome patients the only interspace from which ul- 
nic data may be obtained is not the "standard 
space,” In this situation it seems unreasonable 
'ompare such nonstancard dimensions with stan- 
d dimensions obtained in other patients. How- 
even nonstandard ventricular dimensions may 
eful for serial studies in the same patient pro- 
z the intracardiac landmarks are observed to 
fy a consistent transducer position relative to 
heart for each study. 
-mode sector scan ef lef: ventricle: The re- 
rding of a good quality M-mode sector scan of the 
ft ventricular outflow tract from the left ventricular 
amber to the aorta does not ensure a constant rela- 
between the transducer and the heart (Fig. 4). 
must observe the transducer direction at the 
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time of recording each area of the M-mode sector 
scan in order to place the transducer over the heart in 
a reproducible fashion. We have found that the 
"standard interspace" permits recording of the mi- 
tral valve when the transducer is perpendicular to the 
chest wall. Slight medial and cephalad transducer an- 
gulation permits recording of tae aortic root, where- - 
as slight lateral and caudad angulation from the per- 
pendicular position permits recording of the left ven- 
tricular dimension. Placement of the transducer in 
the interspace above this “standard interspace" will 
also allow recording of the interventricular septum 
and left ventricular posterior wall while the transduc- l 
er is directed laterally and caudad. However, when 
one performs the M-mode sector scan, the transducer 
still is pointed somewhat caudad when the mitral 
valve is recorded. When the transducer is in the in- 
terspace below the “standard interspace,” the trans- 
ducer is directed cephalad when the left ventricle is 
recorded (Fig. 4). The “standard interspace” may be 
the second intercostal space in some patients with 
very high diaphragms caused by obesity or postoper- 
ative hypoventilation. In a patient with an extremely 
long thorax, the “standard interspace” may be the 
fifth intercostal space. 


Implications: With increasing use of the echocar- 
diographic study for quantitative measurements of 
left ventricular dimension, left ventricular and inter- 
ventricular septal wall thickness and patterns of in- . 
terventricular septal motion,!?!4^ it is desirable to` 
standardize the recording of this area as carefully as 
possible. Our study shows that errors can be intro- 
duced into the quantitative measurement of the left 
ventricle by inconsistent placement of the transducer 
on the chest wall. We hope that the system described 
here, permitting recording of echocardiograms from a 
"standard interspace," will improve the reproducibil- 
ity of such measurements. 
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jid. accumulation in the arterial wall is the final 
ink in the chain of events leading to atherosclerosis. 
. How lipids, including cholesterol and cholesterol es- 
ters, penetrate the arterial areas or how they are syn- 
thesized, is of major importance in the development 
f atherosclerosis. No biological event is ever a single 
unified process; rather, it contains finer, more subtle 
yechanisms that contribute to its complexity and 
aradoxically also to its simplicity. So it is in the field 
atherosclerosis and metabolism of the arterial wall. 
luestions arise as to how lipid synthesis takes place 
n these structures, how cholesterol penetrates the ar- 
erial wall, what factors facilitate or impede its entry 
nto the wall, whether or how cholesterol binds, pre- 
ipitates or segregates and, finally, how it is again re- 
eased into the plasma. There are many additional 
mportant questions that need to be answered. They 
eal with the various theories of atherogenesis in its 
elation to the arterial wall: Does material contained 
n the atherosclerotic plaque arise as a degenerative 
ocess, are lesions in the arterial wall derived from 
hrombi, does platelet stickiness represent the nidus 
the atherogenic lesions, or does the arterial wall 
ake up, by a process of filtration, the material which 
eventually results in the atherosclerotic plaque? 
"Other more fundamental questions are closely con- 
‘cerned with the metabolic activity of the arterial 
.wall They concern lipid synthesis in subcellular 
-structures and the incorporation of building stones of 
- larger molecular weight into lipids. 
..In few other fields of pathologic physiology are 
pecies differences of such overriding importance as 
n atherosclerosis. Most of the work has been done on 
eries of animals that differ in their metabolic func- 
in from their human counterparts. The question of 
whether or not cholesterol synthesis does take place 
in human coronary arteries is of importance in the 
mechanisms of the disease. Another problem that 
modern surgical methods has brought to the fore- 
ground is the possibility of development of athero- 
sclerosis in human veins exposed to arterial pressure 
after their implantation. 
<> The papers in this Symposium address themselves 
to these subjects. The papers by Walton and by Zil- 
. versmit review the subject from their individual van- 
tage points. Thus, Walton proposes that atheroscle- 
tic plaques arise because altered endothelial per- 
meability allows certain reactive macromolecular 
plasma proteins to permeate the endothelium. He 
efore adheres to the idea of insudation first pro- 
ed by Virchow. Zilversmit warns against the pit- 
nherent in the use of isotopically-labeled mate- 
al. The problems to which he addresses himself are 






























































ymposium o on Atherosclerosis and Metabolism of the Arterial Wall Ae 


ncerned s the methods of administration of la- : 








RICHARD J. BING, MD, FACC, Gues 






beled cholesterol and the calculation of uptal 
release. He critically reviews the filtration t. 
atherogenesis. He points out that. notwithst: 
the limitation of in vitro experiments for the 1 
surement of cholesterol release, in vitro: exp 
offer greater possibilities for control of essenti 
ables than those performed in intact. animal: or 
man. 

Whereat and Rabinowitz are concerned > 
rate and product of lipid synthesis from. acetat 
in mitochondria isolated from control and athe 
rotic rabbit aortas. They propose a hypothes 
on the assumption that cholesterol feeding 
transport functions of the mitochondrial mem 
of aortic smooth muscle cells. Fundamental st 
are also carried out by Stein and Stein, who wo 
smooth muscle cells derived from rat aort 
and grown in culture for as long as 60 days 
study active lipid synthesis with labeled precurs 
and present evidence that their preparation can 
come useful in the investigation of phospho 
turnover in cells derived from vascular structu 

Finally, Sarma and his associates stress the. 
tance of species differences and the advantage 
vitro preparations in the investigation of lipid 
thesis and cholesterol transfer. They use, almos 
clusively, coronary arteries obtained from man 
tained at autopsy and demonstrate that. cholesterol 
not synthesized in the coronary arterial wall. How 
ever, there is considerable uptake of cholester 
the perfusion fluid. They examine further. the 
ence of hypoxia, carbon monoxide and. coll: 
and hemodyanamic changes on lipid syntk 
transport in these human vessels. They fo 
7-ketocholesterol inhibits cholesterol uptake by 
coronary arterial wall, a discovery that may be sig 
icant from both theoretical and practical Re ts 
view. 

The facts emerging from this Symposium. are 
a study of the relation between structure an 
tion of the arterial wall is essential. Species d 
ences must also be carefully considered. As oft. 
science, our results are limited by the techn 
used. This Symposium stresses that each tec 
contributes its share and that the final pictur 
eventually emerge from a variety of views D 
from a variety of techniques. 
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Pathogenetic Mechanisms in Atherosclerosis 


growth in size of some established plaques it is di 
-the universal mechanism of initial developm 
-following reasons: = " . >o o oo 






































Four theories of atherogenesis are briefly reviewed and criticized: the - 
degenerative, the thrombogenic, the platelet aggregation and the in- 
sudative theory. Evidence is presented in detail to suggest that a modi- : 
fied form of the insudative theory (1) accounts more satisfactorily than 


the other theories for the known association of risk factors with ath- Pu 


erosclerosis and (2) allows one to understand how some of the more - 
important risk factors operate at the level of the arterial wall. Rene 

It is proposed that atherosclerotic plaques, and also certain extra- i 
vascular lesions broadly associated with atherosclerosis (corneal _ 
arcus, xanthomas), arise because altered endothelial permeability al- 
lows certain reactive macromolecular plasma proteins (the plasma low 
density and very low density lipoproteins and fibrinogen, which are 


normally largely confined to the circulation) to permeate endothelium — 
and interact with charged components of the connective tissue gel of 


the arterial wall or other tissues. The effect of hyperlipidemia, hyper- 


tension, arterial disease or injury upon this process, and the manner in di = 
which these factors interact, is examined in relation to experimental sh E 


findings and clinical observations. 


Numerous theories of atherogenesis have been formulated, many of 
which are no longer favored or even seriously considered. However, 
four have survived and have been widely entertained in recent years: ` 


I. The degenerative theory!: In essence this theory proposes that. ` : 
the materials contained in an atherosclerotic plaque arise as degener- ` 


ative products (that is, fatty and hyaline degeneration) of intrinsic 
components, such as collagen and elastin, of the arterial wall. 
There is acceptable evidence of the occurrence of true degenerative. 


processes in the late stages of development of human plaques??? and 


clinical and epidemiologic observations have confirmed aging as an 
important risk factor. But atherosclerotic lesions occur in young 
subjects in the absence of other evidence of precocious degenerative 
processes. Even in adults, a simple degenerative process intrinsic to 
the arterial wall as the mechanism for the initiation and evolution of: 
the early stages of plaque formation can no longer be entertained se- 


riously in the face of the overwhelming evidence (discussed Jater) - 


that the components of the plaque originate from the plasma. 


II. The thrombogenic theory: Since fibrin is also demonstrable . a : 
in atherosclerotic plaques this theory originally suggested that lesions ^ . 


arise from thrombi deposited on the intimal surface and later incor- ` 
porated into the wall by the overgrowth of endothelium. Lipid in the 


plaques was suggested to be derived from the breakdown of leuko- .. 


cytes and platelets in the thrombi. 
Although thrombosis undoubtedly a 




















_A. Thrombosis is common in leg veins but athero- 
- sclerosis does not supervene at the sites affected. In 
fact, of course, veins everywhere in the body are al- 
ys spared whereas arteries may be severely in- 
volved. = . 

B. Experimentally, the introduction of emboli de- 
- rived from blood clots into the pulmonary circulation 
` has been found uniformly to give rise to the develop- 
ment of fibrous lesions that do not resemble athero- 
< sclerotic plaques.9-1? 

^C, In man it might be expected, provided throm- 
“ bosis always precedes plaque formation, that patients 
-< with a severe blood coagulation deficiency syndrome 
- would have an unusually low incidence rate of ath- 
erosclerosis. But surveys of the incidence of athero- 
lerosis in patients with hemophilia A,!* hemophilia 
15 and von Willebrand's disease!® have not shown 
this to be the case. 

These and other considerations have led some to a 
< tacit abandonment of the idea that thrombosis, as 
such, is the primary mechanism. Alternatively it has 
been suggested!^!9 that platelet aggregates might 
serve as the initiating factor. 

III. The platelet aggregation theory: It is known 
that platelet “stickiness” increases in certain clinical 
conditions,!? and Hellem?? has shown that systems 
unrelated to blood coagulation can cause platelets to 
aggregate. The underlying pharmacologic mecha- 
-nisms have been studied,?! and it has been shown 

that such aggregates adhere at sites of slight damage 
- to endothelium. Platelets contain material antigeni- 
cally identical with fibrinogen??-?4 and have lipid- 
- rich membranes and organelles. However, even this 
- modification of the original thrombogenic theory 
. seems unacceptable because: 

A. Tests of alterations in platelet behavior by the 
methods so far devised seem to be nonspecific, show- 
ing changes in many diseases in which atherosclerosis 
is not a conspicuous complication? or detecting al- 
terations apparently mediated by changes in the, 
plasma rather than in the platelets themselves.” 
“ B. Immunohistologic examination of early plaques 
has shown no evidence of intrinsic platelet anti- 
.: gens.27.?8 It is therefore difficult to accept platelets as 
‘© the source of fibrin or fibrinogen in plaques. 
C. Similarly, comparison of the lipids in platelets 
with those in early atherosclerotic lesions?? reveals 
such marked differences in lipid composition as to 
make platelets a very unlikely source of the lipids in 
‘such lesions. 
Perhaps the consideration of greatest moment to 
+ those concerned with an overall assessment of ather- 
. . ogenesis is that neither the thrombogenic hypothesis 

_. in its original form nor the platelet aggregation modi- 
^^ fieation of it accounts satisfactorily for the associa- 

-tion of known risk factors (hyperlipidemia, hyperten- 


_ sion, and so forth) with the incidence of atherosclero- 



















































[V. The insudative theory: It was suggested by 
Virchow* that the lipid in atherosclerotic lesions de- 





al wall. This proposal was supported and extende 


‘to hypercholesterolemia and the occurrence of 


rives from the “insudation” of plasma into the arteri- 























































Aschoff?! and given impetus by Anitschkow," v 
showed that the addition of one particular lipid (c 
lesterol) to the diet of experimental animals ; 


al lesions broadly resembling human ones 
time, very little was known about the forms in 
lipids are transported and circulate in 
However, because cholesterol and its esters are t 
components of plaques, attention was focused o 
sterol and, ever since, much work has been ca 
out without sufficient appreciation of the 
cholesterol and the other serum lipids, trig 
and phospholipids are virtually water-insolubl 
therefore cannot circulate in the free state b 
bound to protein as the macromolecular lipopro 
If the insudative hypothesis is restated in ter 
the insudation of lipoproteins (rather t 
simple lipids in their free state) and fibri 
the arterial wall, there is much modern | 
provide validation for the broad concep 
quiring its modification in detail. This e 
be reviewed with the aim of showing how th 
unlike the others considered, is compatible wit: 
cal and epidemiologic observations concern: 
factors known to predispose to atherosclerosis 


Blood Lipids and Lipoproteins * 


For detailed information about the physic 
cal and immunologic properties of human seru 
proteins, the reader is urged to refer to one orm 
the available reviews or monographs??-?? on the: 
pects. For the present purpose, essential fea 
the lipid composition, molecular characteristi 
immunochemical properties of these macromol 
are summarized in Figure 1 and Tablel. — 


Revision of Views of Arterial Physiology 


Basic to validation of a modified insudative t! 
of atherogenesis is acceptance of modern 
that “insudation” of plasma proteins into the 
wall is a reality. In other words, it is necessal 
arteries should no longer be looked upon as imp 
able tubes and that their thickening should no lo: 
be regarded as due to an accretion (like sludg or 
tion) on a passive surface. Instead, it must be. 
nized that arteries are composed of tubes of a 
and reactive gel through which blood courses at r« 
tively high pressure so that there is normally. so 
movement of plasma proteins through the wall w 
their removal in the outer coats by lymphatic vessel 

The permeation of plasma proteins through the 
normal arterial wall has been established using p 
teins labeled with fluorescent dyes? or radioact 
isotopes.424 The evidence will be briefly review 
suggesting that, in certain circumstances 
and the low and very low density lip 
(hereafter referred to collectively as total low 
lipoproteins) are selectively entrained in the con 




















- tive tissue gel of the arterial wall during this proc 


of permeation. Their presence in the gel, it will 
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Evidence Relating to Selective Implication of 
Fibrinogen and Total Low Density Lipaprotein in 
Atherogenesis 


Direct evidence bearing upon this point is available 
from workers using three quite different techniques: 

I. Immunofluorescence: With use of antisera to a 
range of serum proteins of various molecular sizes 
and to platelet antigens it was shown?? that: 

A. A faint diffuse specific fluorescence is demon- 
strable in the subendothelial layer even of normal ar- 
teries, or unaffected areas of diseased arteries, with 
labeled antisera to most of the plasma proteins test- 
ed, but not with antisera to platelet antigens. This 
diffuse staining was most marked with antisera to 
serum albumin, less marked with antisera to gamma 
globulin and least or absent with antisera to macro- 
globulins (gammay-globulin, alpha»w-globulin and 
total low density lipoprotein) in the vessels of chil- 
dren and young adults. This result was compatible 
with insudation of plasma into the arterial wall but 
suggested some selectivity of permeability on the 
basis of molecular size of the proteins concerned and 
was consistent with data on the relative distribution 













in serum =n HDL = high density, LDL = low density 
VLOL = very low density lipoproteins; Lpa = a variant lipopro- 





FIGURE 2. Early atherosclerotic lesion ("fatty spot’ } from the 
aorta of a 10 year old child. A, frozen section treated with flu- 
orescein-labeled anti-LDL and examined in ultraviolet light. 
Note specific fluorescence in slightly thickened endothelium 

(a), in intima (b) and in underlying media (c) — white in picture, 
bright green in original. B, same section stained with oil red O, 

light green and hematoxylin. Note lipid (black. in picture, red in. 
original) at sites a, b and c, corresponding. with specific fluo- 
rescence seen in A, and also crystals át b. C, same section 
observed in polarized light to show anisotropic crystals (pres. — 
sumably cholesterol) at 5. (All sections X375, r« ed by 18 - 
percent. Reprinted by permission rom Excerpta Medica,” e um 






























TABLE ! 
Molecular Characteristics and Main Antigenic Components of Human Serum Lipoproteins 














Mean 
Diameter Molecular Sedimentation Antigenst 
Lipoprotein Alternative name (nm) Weight* Characteristics (apolipoproteins): 
Chylomicron Exogenous lipid particle 500 4 x 107 S, »4001 
Secondary Endogenous lipid particle 100 ?5 x 108 S; >400t 
particle 
VLDL Prebeta lipoprotein 27-54 6 X 105 to S; 20-4001 
5 x 10 
LDL, “Floating” beta lipoprotein 22 3.4 x 105 S; 10-201 
LDL, Beta lipoprotein 19 2.3 x 105 S; 0-101 
Lp(a) “Sinking” prebeta 268 4.8 X 105$ —2488 |! 
HDL Alpha lipoprotein 9 2.5 x 105 —7$ || A 





^ ;* From data of Oncley.* 

f Terminology of Alaupovic.?* 
ttn medium of density 1.063 ke/liter. 
$ From data of Ehnholm et al.” 

|| In medium of density 1.21 kg/liter. 












FIGURE 3. Fibrofatty atherosclerotic intimal plaque from the aorta of a 57 year old man. A, frozen section treated with fluorescein-labeled 

LDL. Specific fluorescence in fibrous cap (a) and in core of plaque (b)—white in picture, bright green in original— contrasting with aut fluo 
-cence (blue in original) in media (m). X marks an artifact due to a fold in the section. B, same section stained with oil red O, light gre 
hematoxylin. Lipid present as fine droplets (grey in picture, red in original) in fibrous cap (a) and as heavier infiltration of fibrous core of 
(b), contrasting with lipid-free media (m) staining green in original. (X60, reduced by 18 percent.) Reprinted by permission from Advances in Drug 
-. Research, Vol 9 (Simonds AB, ed), London, Academic Press, 1974. p 55-67. a 
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FIGURE 4: Portion of large plaque in coronary artery, A, frozen section treated with fluorescein-labelled anti-LDL, showing area (a) undergoing 
atheromatous softening and other areas (b) with fibrofatty change. Note specific fluorescence (white in picture, bright green in original) both 
“atheromatous gruel at (a) and in collagenous areas (b). B, same section stained for lipid as in Figures 2B and 3B. Note heavy lipid infitra 
"(black in picture, red in original) in areas a and b. (X375.) 
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of plasma proteins in the intra- and extravascular 
ipartments on the basis of molecular size obtained 
ing radioisotopically-labeled proteins (see later). In 
ie. vessels of older subjects (aged 60 years or more) 
echnique revealed permeation of macroglobulin 
iponents even into the intima of areas not directly 
'ed by plaques, thereby suggesting some gener- 
alteration of vascular permeability with age 
ee later section on vascular permeability). 

. On the other hand, in plaques a close topo- 
hic relation was found between extracellular 
| revealed by conventional lipid stains (such as oil 
O) and the intense specific fluorescence due to 
ow density lipoprotein at all stages of the de- 
ment of the plaque (Fig. 2 to 4). No similar rela- 
ould be shown for high density (alpha) lipopro- 
ins (Fig. 5). Antibodies to lipoproteins are directed 
ainly or exclusively against the protein part of the 
molecule, whereas dyes such as oil red O are selec- 
y soluble in lipids but unreactive with proteins. 
re identity of distribution between lipid and im- 
hemical reaction for total low density lipopro- 


protein molecule w was present. In relation to 
thin. cells, it was found that some such cells 
m t specifi ic fluorescence for total low density 

; n others reacted weakly and some failed to 


noreactivity was compatible with the up- 
e of lipoprotein by phagocytic cells whereas the 

ssive loss of immunoreactivity as the lesions 
lop was suggestive of degradation of the lipopro- 
decule by intracellular enzymes (proteases). 


y "local lipid o. detectable by 
na fat stains. The occurrence of fat-filled 









tially to the same Section. Comparison of Photo- 


FIGURE 5. Portion of lipid-rich intimal plaque in 
mouth of renal artery. A, frozen section treated.’ 
with fluorescein-labeled anti-HDL. No evidence 
of specific fluorescence in intima (a)—grey in 
picture, dull blue in original. B, adjacent section 
from same material as in A treated with fluo- 
rescein-labeled anti-LDL. Bright specific fluores- 
cence in intima (a)— white in picture, green in 
original. (X 180.) Reprinted by permission from- 
Advances in Drug Research, Vol 9 (Simonds 
AB, ed) London, Academic Press, 1974, p 
55-67. 


C. Fibrinogen was also demonstrable by immu- 
nofluorescence in plaques. In early lesions it was dis- 
tributed as spots and streaks (Fig. 6), but in later le- 
sions occupied tissue spaces in a manner suggesting 
deposition in or occlusion of lymph or vascular chan- 
nels (Fig. 7). No evidence of intrinsic platelet anti- 
gens was found in relation to intraarterial deposits of 
fibrinogen although a reaction for platelet antigens 
was easily demonstrable in surface deposits (throm- 
bi) on the luminal margin. This observation was 
taken to indicate that fibrin or fibrinogen entered the 
arterial wall by an insudative process rather than by 
the invariable organization and incorporation of 
thrombi. The hypothesis was supported by the dem- 
onstration, in some cases, of immunochemically iden- 
tifiable fibrinogen throughout the thickness of the ar- 
terial wall and in lymphatic vessels in the outer coat 
draining into venae vasorum (Fig. 6B and 7). 

Similar results in relation to the identification of _ 
fibrinogen and total low density lipoprotein have 
been obtained by others?! using a more limited 
range of antisera. In the earlier work to which refer- 
ence has been made?? the antisera used were raised to 
intact native lipoproteins. Such antisera detect only 
the major antigens of the lipoproteins, that is, the . 
apolipoprotein A of high density lipoproteins and the 
apolipoprotein B, which is common to the low densi- 
ty (LDL, and LDLo) lipoproteins and to very low 
density lipoprotein (VLDL) (Table II). Later work 
was reported?? in which antisera to additional minor 
antigenic components of the total low density lipo- 
protein had been employed. These included antise- 
rum to apolipoprotein C (a subcomponent obtained 
from delipidated VLDL) and antiserum to Lp(a), a 
variant lipoprotein encountered in the serum of some 
persons?? but not others (Table I). A technical inno- - 







vation was also made in that immunofluorescence _ 





and conventional lipid staining were applied sequen- 
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FIGURE 6. Portion of "fatty streak" in aorta of a 12 year old child. A, section 
treated with fluorescein-labeled antifibrinogen. Bright specific fluorescence 
(white in picture, green in original) in intima extending as spots and streaks into 
dia. Note autofluorescence of elastic fibers (arrows). B, outer half of same 
essel; section treated with fluorescein-labeled antifibrinogen. Spots and 
“streaks of specific fluorescence (arrows marked a) visible in original as green 
flecks against dull blue autofluorescence of medial muscle fibers and steely- 
lue fluorescence of elastic laminae. Specific fluorescence (arrows marked 
b) also visible as linear streaks (?lymphatics) opening into venae vasorum (V) 
in adventitia. X375.) 























. graphs of the identical field thus allowed more pre- 

cise correlation between the two techniques (Fig. 2 to 

4, 8 and 9). 

.. Identity of distribution was found between that of 

 apolipoproteins B and C and also between apolipo- 
proteins B and Lp(a), thus suggesting that lipopro- 













TABLE I 


Patterns of Alterations of Lipoproteins in Conditions 
Associated with Secondary Hyperlipoproteinemias, 
Increased Incidence of Atherosclerosis and Sometimes 
with Xanthomatosis 









Lipoproteins 
Pattern Increased 





Condition 








Hypothyroidism HA LDL: 

Adult nephrotic syn- IA (or HB) LDL: (VLDL) 
drome with selective 
proteinuria 

-Diabetes mellitus 
“Lipoid’ nephrosis of 
childhood IV (or V) VEDI 

Chronic alcoholism | 

Some cases of gout 


Rare instances of mye- 
loma (especially IgA) 

Rare instances of 
macroglobulinemia 

Obstructive biliary 


(+ chylomicra) 


Usually IV VLDL 








“Abnormal” HA LpX 








teins even larger i in molecular size than LDL» (Tab 
I) participate in atherogenesis.?? 

D. It has also been established545^5 that the i imm 
nofluorescent technique can be similarly app 
the arterial and other lesions of the lipid-fed hype 
poproteinemic rabbit to show that rabbit tot: 











































ed with. fluorescein-labelled antifibrinogen: Note irre 
specific fluorescence delineating fibrin or fibrinogen (wl 
bright green in original) lining or filling spaces resembling vas 
lymphatic channels between areas of fibrosis. (X 480, reduc 


percent.) 
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RE 8. Early aortic plaque from rabbit maintained on diet supple- 
with. beef-lard (without added cholesterol). A, frozen section 
ited with sheep antirabbit LDL labeled with fluorescein. Note 
scence. (white in picture, green in original) in areas 
‘acellular lipid in intima in afea marked a and “black 
responding to position of fat-filled cells (arrows marked 
cific fluorescence in media (arrows marked c). B, same 
ection stained for lipid. Compare distribution of lipid (grey or black in 

icture, red. in- original) at sites corresponding to those seen in A. 





ty lipoprotein is again the principal vehicle 
ing lipid into the lesions (Fig. 8 and 9). This 
ling is of some consequence since the validity of 
els of this kind for the study of atherosclerosis 
een disputed ever since the classic work of An- 
ichkow. The studies, however, suggest that the 
echanism of formation of experimental lesions is 
so an insudative one. 
II. Use of radioisotope-labeling techniques: In a 
bject. who had been given isotopically-labeled low 
nsity lipoprotein during life, it was established at 
itopsy that material from an atheromatous lesion in 
ie aorta had accumulated radioactivity at a higher 
] per gram of tissue than had other organs.59 This 
nding was confirmed independently in a number of 
er subjects.*^5755 In one of these studies“ the rel- 
stribution was also examined in arterial walls 
other tissues of simultaneously administered 
density lipoprotein and albumin (each labeled 
different isotope of iodine). Differences were 
id between the gradients of permeability of these 
teins with higher retention of total low densi- 
in the intimal layer. Essentially similar 
lso been reported in other species stud- 


ixamination of arterial extracts: Conven- 
al examination of atherosclerotic lesions 
sisting sole!y of extracellular inti- 

n the lipid composition to ap- 

» that of serum low density lipo- 


. protein? whereas 


pr as the lipid composition of lesions 
composed predominantly of fat-filled cells differed 
from that of serum low density or very low density li- 
poprotein in containing a high proportion of choles- 
terol esters of bizarre fatty acid pattern. Total low 
density lipoprotein has also been recovered from aor- 
tic intimal extracts and identified by immunoprecipi- 
tation.**-69 Using a quantitative immunochemical 
procedure, Smith et al.66-69 have shown that the 
amount of total low density lipoprotein recoverable 
from atherosclerotic intima is related to the severity 
of the disease and the level of serum lipids in life. 
These authors have also shown that fibrinogen. is 
similarly recoverable from the intima and that a pro- 
portion of this is clottable with thrombin.® 

These results therefore agree with those obtained 
by immunofluorescence and are compatible with an 
insudative mechanism of initial entry of the fibrino- 
gen as well as of total low density lipoprotein. But 
they suggest later local modification of these compo- 
nents after their entrapment in the wall. 
















Mechanisms of Plasma Protein Retention in Intima 


The mechanisms variously proposed have includ- 
ed: (A) Mechanical or functional “barrier” effects 
due to (1) blockage of fenestrations in the internal 
elastic lamina”); (2) intimal thickening and medial 
fibrosis’?; and (3) enzymatic medial defects due to 
anoxia.”? (B) A “molecular sieve” effect of the ground 
substance. (C) Interaction of total low density lipo- 
protein and fibrinogen with the sulfated glycosami- 
noglycans of the ground substance. of the inti- 
ma. 28:74,75 

In relation to postulate A, “damming-back” of 
plasma in the intima cannot be involved since this 
should cause accumulation of all the plasma proteins 
whereas the evidence discussed suggests that selec- 
tive entrainment occurs. Second, total low density li- 
poprotein and fibrinogen are demonstrable in early 
lesions (fatty streaks) before changes are demonstra- 
ble in the elastica or media.47.”6 Third, these two pro- 
teins are deposited in heart valves in which no mus- 
cular barrier exists.77 

With regard to postulate B, fibrinogen (molecular 
weight 300,000) is retained whereas high density lipo- 
protein (molecular weight 250,000) is not retained; on 
the other hand, total low density lipoprotein (mini- 
mal molecular weight 1.5 X 106) is retained whereas 
alpha»sw-globulin (molecular weight 0.9 x 106) and 
gammaw-globulin (molecular weight 1.0 X 109) are 
not retained. These observations suggest that molec- 
ular size alone does not determine selectivity of re- 
tention in the arterial gel. 

Lastly, in relation to postulate C and with regard 
to lipids, selectivity of retention of low but not high 
density lipoprotein implies that it is the nature of the 
vehicle for lipids (some aspect of the physicochemi- 
cal characteristics of low density lipoprotein), rather 
than the nature of the serum lipids being carried, 


that determines initial localization. Since deposition - 
_ of fibrinogen so frequently accompanies that of total 












































ow density lipoprotein, one might be led to suspect 
nat these two classes of protein might share some 
mon characteristic of behavior or reactivity. In 
regard it is known that alone among plasma pro- 
eins, total low density lipoprotein and fibrinogen se- 
lectively form insoluble complexes (coacervates) in 
he test tube with charged polysaccharides, especially 

the presence of critical concentrations of calcium 
‘ons.78:79 Similar complexes are formed in vitro by 
hese proteins with the sulfated glycosaminoglycans 
and proteoglycans isolated from arterial and other 
- connective tissues. 7475.50 

In the intact vessel it has been shown repeatedly, 

both by histochemical techniques and by the uptake 
of radioactive sulfate (for references see Ref. 81-83), 
that a close topographic relation is demonstrable be- 
tween the distribution of lipid (lipoprotein) and of fi- 
"brin (or fibrinogen) on the one hand, and of sulfated 
 glycosaminoglycans on the other. The sulfated gly- 
cosaminoglycans of connective tissues are intimately 
involved in the evolution of collagen and elastin, pos- 
::sibly allowing the orientation and steric arrangement 
f fibrils to allow their cross-linking and aggregation. 
"They are most abundant in the ground substance of 
ewly forming connective tissue but are later incor- 
porated into the core structure of mature fibers. It is 
interesting in relation to atherogenesis that (1) se- 
quential studies with radioactive sulfate??9? have 
"suggested a correlation between the turnover rate, 
'rather than the absolute amount of the sulfated gly- 
-cosaminoglycans that can be extracted from the arte- 
rial wall, and the rate of lipid deposition; and (2) that 
“mucoid elevations" of the intima— lesions that some 
‘authors hold to precede lipid infiltration of the wall 
(see later) —show local accumulation of sulfated gly- 
osaminoglycans. These observations suggest that it 
may be the latter, which are newly synthesized and 
“free” (in the sense of being distributed in the inter- 
¿stitial ground substance or bound on the surface of fi- 
-bers rather than incorporated within fibers), that are 
available for and determine the entrapment of total 
ow density lipoprotein and fibrinogen. 
It is possible that the polyanionic properties of the 
sulfated glycosaminoglycans in binding calcium ions 
might determine the stability or reversibility of co- 
acervates formed with total low density lipoprotein 
and fibrinogen (for further discussion see Ref. 28, 52, 
81, 84, 85). 


Factors Affecting Insudation into the Arterial Wall 


From the foregoing outline it is clear that the avail- 
able evidence suggests that atherosclerotic lesions 
arise in general because certain reactive macromolec- 
ular components of the plasma interact with charged 
components of the connective tissue gel of the arteri- 
al wall. 

- Evidence suggesting that this is a general mecha- 
ism, also affecting connective tissues elsewhere, will 
be discussed later. The entrainment of fibrinogen 
total low density lipoprotein in the gel evokes a 
] cellular reaction that may serve as a successful 







































































April 1975 The American Journal of CARDIOLOGY.. Volume 35. 






plemented with beef lard. A, frozen section treated as in Fi 
Note specific fluorescence (white in picture, green in orig 
dothelial cells (a); in intima (b); in muscularis (c) and in lymphatic 
sels in adventitia (arrows marked d). B, same section 
lipid. Compare distribution of lipid (grey or black in: pictur 
original) with that of fluorescence seen in A. (X375, redu 
percent.) Reprinted by permission from Excerpta Medica,’® 

















removal device. But, alternatively, degrad 
total low density lipoprotein and release of choleste 
ol (Fig. 2C) and other components may stimulate 
brosis or result in the accumulation of *atheromat 
gruel" in the plaque and give rise to the later comp 
cations of atherosclerosis.?? , 
In relation to early arterial lesions it- may 
objected that the composition of the blood in respi 
to total low density lipoprotein and fibrinogen co 
centrations is uniform throughout the vascular 
and yet lesions occur discontinuously and only at ce 
tain sites of predilection in arteries. Why s 
be, and what determines the distribution of lesio 
It is suggested that the answer may lie in variati 
vascular permeability at the sites affected. 























Variation of Vascular Permeability 
'The relative permeability of endothelium b 












































lar compartme ts, i is probably. largely determined 
by the molecular size and shape of the protein. For 
cample, in the case of a relatively small molecule 
ke serum albumin, isotopic turnover studies have 
shown about 1.5 times as much albumin is distribut- 
ed. extravascularly as is present intravascularly.86:87 
On the other hand, in the case of total low density li- 
poprotein, similar methods have shown that, of the 
total body pool, about.two thirds is intravascular and 
ily one third (much of which is probably accounted 
- by the liver pool) is extravascular.4458.88-90 Į a- 

beled total low density lipoprotein molecules intro- 
duced into the circulation have been shown to equili- 
brate very slowly with the extravascular pool.” It can 
be taken therefore that total low density lipoprotein 
is normally largely confined to the circulation and 
demonstration of its presence in arterial lesions can 
logically: inferred to imply that endothelial perme- 
ility is selectively altered at such sites. 





elective. Alteration of Permeability 


In the pig aorta, it has been demonstrated that 
as in which fatty streaks and spots develop prefer- 
y also show evidence of altered permeability in 
owing the selective ingress of protein-bound dyes 
rypan blue or Evans blue), colloidal carbon or la- 
led cholesterol.9:9? Similarly, when colloidal iron is 
‘ted into lipid-fed animals in which early lipid- 
arterial lesions are forming, particles of the col- 
dal iron are demonstrable in the lesions but not 
where in the intima.9? Similarly, infused egg yolk 
ids fail to permeate the intact and normal intima 
the rat aorta but enter at points where injury has 
With regard to the mechanism of production of lo- 
calized alteration of permeability, it can reasonably 
ye assumed that the arterial wall, like other living 
onnective tissues, is capable of reaction to stimula- 
ion by the local release of histamine, kinins and 
ther substances to give rise to altered permeability. 
en the stimulus has been local trauma, applied ei- 
internally?? or externally to the artery (for refer- 
ces, see Ref. 96, 97), initial edema and later lipid 
nfiltration have been observed. Whether the “trau- 
1a" of intrinsic hemodynamic stresses can operate in 
vay is a matter for debate.95 
ocalized alteration of vascular permeability may 
: immunologically mediated in some circumstances 
allergic injury to arteries. It has been shown ex- 
erimentally that the induction of immune complex 
isease (serum sickness) in lipid-fed rabbits increases 
extent and severitv of lipid-filled arterial le- 
ns.” It is possible. that the human counterpart of 
iis is seen in the increased severity of atherosclero- 
he vessels of transplanted organs undergoing 
and E evidence ofa animmune attack. 




















cular phew proles and hie ee 
et vascular and extravas- . 


progress, in spiteco of normal serum lipid levels in man. 


processes. T isr may explain the brervėd tendency 


for atherosclerosis. to be more severe when it super- - 


venes in various forms of granulomatous arteritis 
such as temporal arteritis or Takayasu’s disease.99-101 

Noninvasive experimental models to study the ef- 
fect of localized increase in vascular permeability in 
atherosclerotic arterial lesions are difficult to devise. 
But human and animal models have been studied to 


delineate the effect of this factor in localizing extra- v 
vascular lipid deposits such as xanthomas (see later. 


and Ref. 130). 
Diffuse Alteration of Vascular Permeability 


Shimamoto!?? has drawn attention to earlier obser- E 
vations that a generalized edematous intimal reaction 
occurs in the aorta and other large arteries after the. 


intravenous injection of histamine, epinephrine and 
other vasoactive substances and more recently has. 
shown! that this reaction is attended by the insuda-- 


tion of total low density lipoprotein into the affected 


areas. Hueper!9^-106 suggested that hypoxia altered 
arterial permeability so as to allow the passage into 
the arterial wall of both exogenous and endogenous 
macromolecules (including, of course, the plasma lip- 
ids). Experimentally the maintenance of lipid-fed hy- 
perlipoproteinemic animals at low levels of oxygen 


tension! or low concentrations of carbon monox-. . 


ide! accelerates and intensifies the development of 
arterial lesions. The human counterpart of this situa- 
tion might occur in the heavy cigarette smoker,!09 
who may have a level of 10 to 15 percent of carboxy- 
hemoglobin (that is, a level found to enhance athero- 
sclerosis in the experimental animal). It is possible 
that this may be one of the underlying mechanisms 


leading to the recognition of heavy smoking as a risk 


factor.!10 l 

Hypoxia, the injection of vasoactive amines, sur- : 
factants, angiotensin and bradykinin have been dem- 
onstrated by electron microscopy to cause damage to 
endothelial cells and to cause the opening of endothe- 
lial cellular junctions.!!-!!3 These and similar stimu- 
li have been shown!!*!!5 also to give rise to a “mesen- 
chymal reaction" in the subendothelial tissues associ- 
ated with increased radiosulfate uptake suggesting 
increased production of sulfated glycosaminoglycans. 
If the stimuli giving rise to altered permeability also - 
promote synthesis of the components of the intimal 
gel that are reactive with total low density lipopro- 
teins and fibrinogen, it is possible to see why selective 
entrapment of these proteins is enhanced. 

It should be noted that with alteration of vascular 
permeability it can be envisaged that there is an in- 
creased volume of plasma permeating in unit time 
through a given segment of the wall as well as ingress 
of the large molecules normally largely excluded. 
This permits total low density lipoprotein and fibrin- 
ogen to enter in higher concentrations at the affected 
site even in the absence of raised concentrations of 
these proteins in the circulating plasma, perhaps ex- 
plaining why atherosclerosis may be initiated and. 
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URE 10. Mean serum concentrations of 
otal low density lipoprotein (VLDL + LDL, + 
'and of high density lipoprotein in relation 
ian total serum cholesterol in a random 
population by age and sex. Note broad 
elism between total low density lipoprotein 
erum cholesterol levels but relative lack of 
on. of high density lipoprotein levels with 

nd sex. 


Total Serum Cholesterol (mg/d!) 


10-19 


xperimental animals it has been shown”? that if 
e stimulus is sufficiently intense and persistent (for 
nple, the sterile inflammatory reaction resulting 
rom a large enough injury to the endothelial surface 
the wall) then lipid accumulation occurs even in 
ormolipidemic animals. However, clearly the pro- 
“ess would be greatly accelerated in hyperlipidemia 
hyperlipoproteinemia). 


Epidemiologic Risk Factors 


Hyperlipidemia and Atherosclerosis 


Epidemiologic studies have shown that elevated 
-serum levels of cholesterol and triglycerides are im- 
portant risk factors. Since the high density lipopro- 
ins show little or no variation in concentration in 
health (Fig. 10) or disease, an increase in serum lipid 
levels is, in practice, invariably given expression in el- 
_evation of total low density lipoprotein manifested as 
ncreases in one or more of its subclasses—the very 
density lipoproteins or the low density lipopro- 

s or various combinations of these (see Tables II 
V). It seems probable that some of the other 
nized risk factors (age, sex, geographical loca- 


certain disease processes) exert their influence 
Through a an effect on n the total low density a 
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Moderate Hyperlipidemia 


Effects of age and sex: Alterations i in seru 
density lipoprotein levels with age and se 
broad parallelism with the incidence of athi 
sis with age and in the two sexes, especial 
oped countries. The discrepancy between se 
low density lipoprotein levels of male and 
subjects for an overtly “healthy” populat 
ain is shown in Figure 10. This figure also sh 
close association between serum choleste: 
serum total low density lipoprotein levels. 
association has been shown between serum 
ides and serum very low density lipoprot 
and between serum cholesterol and low de 
protein levels.1!6 

These associations have two important 
tions. First, they suggest that data from 
demiologic studies in which a single lipid 
ple, serum cholesterol alone) has been: mea 
be reinterpreted as reflecting variation in 
low density lipoprotein levels. Second, sin 
seen from Figure 10 that the most marked 
between the sexes in serum total low dens 
tein levels occur over a period correspor 


normal reproductive span, it can be. infe 


* balance between, male and female sex ho 
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174 87 59 3.5 
280 140 98 2.4 


500 250 63 6.0 
473 336 146 3.6 


790 395 182 2.9 
839 429 223 3.1 
739 369 147 3.3 





déleiniining influence on serum total low den- 
protein levels. This probably accounts for the 
nt protective effect of “femaleness” in relation 
he development of atherosclerosis early in life. 
servations on the effect of gonadectomy, 
ively sex hormone therapy (for references 
81), support this suggestion of the direct in- 
f sex hormonal balance upon serum total low 
lipoprotein. Metabolic studies in healthy 
have shown that the fractional catabolic rate 
Ow. density lipoprotein is higher in premenopausal 
en than in men but the difference between the 
es lessens for postmenopausal women.9? 
raphie location: Geographic comparisons 
shown clearly that atherosclerosis is more prev- 
lent in affluent societies than in those with low eco- 
mic standards. Differences in the incidence of ath- 
osclerosis between locations are reflected in paral- 
differences between serum total low density lipo- 
tein levels, and these in turn show a relation to 
proportion of dietary calories taken as fat.117-120 
omparisons among and within populations in these 
dies have also made it evident that this dietary 
ironmental factor, rather than an ethnic factor, is 
ponsible for the differences observed. 
onversely, in population groups subsisting on se- 
rely restricted diets because of war, economic ne- 
ity, cultural conventions or religious conviction, 
ipid and lipoprotein levels have been noted to 
as compared with levels in the general popula- 
in developed countries. Such population groups 
low rate of progression of atherosclerosis (for 
Ref. 81). 
such as. Israel with a policy of rapid 
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-the arterial wall or, if they do enter, are A 
e rarely: On the other hand, types 





served over a relatively short ‘span of time.!21 


Gross Hyperlipidemia A 

An otherwise pathologically disparate group of 
conditions (Table II) accompanied by a secondary el- 
evation of serum total low density lipoprotein levels © 
have in common an accelerated rate of development 
of atherosclerosis and may show evidence of early de- 
velopment of a corneal arcus or the presence of xan- 
thomas (for references, see Ref. 81, 140). 

Similarly, a group of primary (familial) hyperlipi- 
demias with sustained gross elevation of serum total 
low density lipoprotein levels show precocious and 


severe atherosclerosis (see Table IV) often accompa- . . 


nied by evidence of similar extravascular lipid depos- x 


its.!22.123 Gross hyperlipoproteinemia induced in ex- .— 


perimental animals by feeding lipid- supplemented m 
diets (with or without added cholesterol) also gives 
rise not only to atherosclerosis but also to lipid depo- 
sition in the eye and xanthomatosis.5455 

The use of radioactively labeled total low density 


lipoprotein and immunofluorescent techniques has .. ^. 


established that in all these instances the vehicle 


transporting lipid into the arterial lesions and caus- 


ing the extravascular deposits is total low density li- 
poprotein, the extravascular lesions being brought 


about by an insudative mechanism essentially similar . x 


to that in the arteries. Studies in man have shown © 
that the underlying disorder of total low density lipo- 


protein metabolism differs among secondary hyperli- ; 


pidemias arising from different diseases and also 
among different varieties of primary hyperlipidem- : 
ias.!24 But in common with them all, the high serum 
total low density lipoprotein levels reflect a greatly 
increased total body pool of these lipoproteins with 
an increase in both intravascular and extravascular- 
distribution (Table III). It seems reasonable to infer 
that the increased extravascular distribution is given 
expression as total low density lipoprotein deposits 
bcth in the walls of arteries and in the tissues. 
Classification: A provisional classification of the © 
hyperlipidemias according to the presenting pattern 
of derangement of the subclasses of total low density 
lipoprotein based on that of Fredrickson et al. has 
been proposed by the World Health Organization.!?5 
Censideration of the observed incidence of athero- 
sclerosis associated with each pattern (type) allows | 
inferences to be made regarding the relative *athero- ` 
genic potential" of lipoproteins of different molecular. 
sizes. For example, the rare type I pattern, which is 
due to a gross chylomicronemia with reduction in 
concentration of very low (VLDL) and low. density : 
(LDL) lipoproteins is not associated with the accel- 


erated development of atherosclerosis. This finding * 


suggests that chylomicra are either too large to enter 








to álhistdecloroeie have been ob- me 






























haracterized by increvied VLDL, LDL, LDL» or 
inations of these, are strongly associated with 
creased incidence of atherosclerosis (Table IV). 
riori, it might be expected that the smallest li- 
rotein molecules (the LDL: class) might pene- 
te most easily through the endothelial barrier. In 
lation to the development of ischemic heart disease 
was shown that men with a type IIA or type IIB ab- 
rmality (with a preponderant increase of LDLo) 
ad an earlier onset of ischemic heart disease than 
id men with a type III, IV or V abnormality. 126 Nev- 
heless, the incidence rate was high even in persons 
ith a type IV or V pattern (preponderant increase of 
ery low density lipoprotein without or with chylomi- 
'onemia). For technical reasons discussed else- 
'here,3752? immunologic methods do not permit pre- 
_ definition of the upper limit of the molecular size 
hese lipoproteins which can enter the arterial wall 
though, as mentioned previously, evidence has been 
btained that molecules larger than LDL», participate 
in atherogenesis. 





























lypertension 

Increased blood pressure is generally acknowl- 
dged to accelerate arterial disease in man and there- 
e to be an important risk factor.!!? It has also been 
hown to accelerate the rate of development of exper- 
ental atherosclerosis.!77!?8 Pressure effects are 
articularly evident at certain sites in the body. For 
xample, atherosclerosis of the pulmonary arteries in 
an occurs only in association with pulmonary hy- 
ertension. !29 Similarly, in coarctation of the aorta, 
therosclerosis is always sharply delimited to the 
ximal (high pressure) segment. 

An additional instructive model is provided by the 
eart valves.!?? Lipid infiltration of these structures 
s common, occurs early in life and is seen even in 
normolipidemic subjects. But it is almost invariably 
fined to the aortic and mitral valves. The process 
n valves resembles that in other parts of the arterial 
item not only i in its direct continuity with lesions in 
e aorta, and in its morphologic features and time 
elations of development, but also in the presence of 
otal low density lipoprotein and fibrinogen.” 

"The deposition of these components only in valves 
on the left side of the heart, which are at arterial 
pressure, and not in valves on the right side of the 
heart, which are at venous pressure, mirrors the inci- 
dence of atherosclerosis in arteries but not in veins, 
thus emphasizing the role of hemodynamic (“ultrafil- 
tration”) pressure in determining the localization of 
lesions. Moreover, in the valves affected, lipid (total 
-low density lipoprotein) infiltration occurs only from 
valve surfaces directly opposed to pressure from 
alve closure and then mainly in areas exposed to the 
1aximal effects of such pressure. It is also clear that 
[is the pressure arteries have to withstand, rather 
zany differences between the structural charac- 
tics of. arteries and veins, that determines the 



























x ilection of the former to atherosclerosis. This ^ net effect. was to increase the "standard" 





TABLE IV 


Risk of Cardiovascular Disease and Patterns of Alte i 
of Lipoproteins in Familial Hyperlipoproteinerias 





Type* Pattern of Alteration of Lipoproteins es 





i Gross chylomicronemia; VLDL, LoL: 
and LDL, low 

HA Marked increase of LDL: 

HB Increased LDL. with moderate increase 
of VLDL 

uu Increase of LDL, and LDL: 

iV Marked increase of VLDL + increase 
of LDL, 

V As for IV, with chylomicronemia ?Inicre 





t From data of Frederickson et al.™ and Slack 1° 













finding is based on work showing that in auto 
vein grafts used to replace or bypass arteries lipic 
posits develop resembling atherosclerotic lesioi 
the lipid is principally i in the form of total low. d 
lipoprotein, as in the original arteries"! 


impairment of Outflow from the Arterial Wall. * 


Protein-rich extravascular fluids of conne 
tissues in general drain by way of lymphatic 
into veins. In arterial walls this arrangemen 
special importance since the intimal and in 
dial layers of large arteries are devoid of ca 
but there is an abundant lymphatic suppl: 
outer coats draining into venae vasorum `o 
boring large lymphatic channels.!?? It has repeatedl 
been observed (for references, see Ref. 96) that ex 
nal damage to arteries by heat, freezing, electrocoag 
ulation, chemical injury or stripping of the ad 
(all of which almost certainly damage and obstru 
lymphatic vessels and vasa vasorum) causes localiza 
tion of plaques to the intima overlying the uma 
tized area. oe 

In an era when syphilitic aortitis was: commo! 
was widely held that aortas so affected showed 
severe superimposed atherosclerosis. 23134 Syph 
aortitis is characterized by a chronic endarte 
fecting the vasa vasora and lymphatic vessels of t| 
outer coat,!35 which would presumably interfere wit 
drainage of the sites affected. m 


















































Interaction of Factors Affecting Progreson ot 
Atherosclerosis 


Epidemiologic observations have made it. 
only that atherosclerosis is multifactorial 
but also that the identifiable factors reinforci 
other. This was clearly demonstrated by th 
ingham study,!!° which showed that if (s 
identifiable factors (for example, blood lipi 
pressure and smoking habit) were all advers 
"Fisk of 
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of ischemic heart disease not merely 3 
etween 9 and 10 times. This geometric 
an arithmetic suramafion d effect has been 





























Possible Mechanism 





Increased vascular permeability 
dincreased inflow) + "non- 
specific mesenchymal 
response” 

Moderate hyperlipoproteinemia 
(ncreased input of total low 
Gensity lipoprotein even with 
unchanged volume of inflow) 

Gress hyperlipoproteinemia 
(effect as in 2 but more pro- 
nounced) 

Further increase of inflow (effect 

. especially marked in hyper- 
lipidemia) : 

Inflammation of arterial wall 


ge, smoking (hypoxia), 
xtrinisic or intrinsic 
active agents 





: ex, high fat intake 
is proportion of total 
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FIGURE 11. Interaction of risk factors in increasing 
probability of development of coronary heart disease 
220 (C.H.D.) during next 5 years in men aged 50-60 as cal- 
culated using multiple logistic equation of Keys et al. "ar 





It is possible also at the level of the arterial wall ^ 
see how some of the factors discussed interrelate and. 
reinforce one another. Although the individual fac-. 
tors have been discussed as though they were inde i 
pendent variables and the effect of each has been an- 
alyzed separately (summarized in tabular form iic 
Table V), it must be stressed that in practice their —— 
mutual reinforcement is probably the most impor- 
tant aspect of the current presentation. 2 

it is submitted that atherosclerosis probably has |: 
its source and origin in segregated areas of altered . : 
vascular permeability. But it is clear that a restricted x 
"leak" might become accentuated under conditions . 
producing a diffuse stimulus to altered permeability 
(for example, chronic hypoxemia due to heavy ciga-  __ 
rette smoking). Moreover it has been pointed out 
that local alteration of vascular permeability i is asso- . 
ciated with a “mesenchymal response" giving rise to ~ 
local accumulation of newly synthesized sulfated gly- 
cosaminoglycans, that is, conditions favoring the en- — . 
trapment of total low density lipoprotein and fibrino- ue 
gen. 

Once increased inflow has been established, altered t 
plasma concentration of total low density lipoprotein, ' 
such as that which occurs with age, is in P 
sex or is due to the superimposti 






























"or other procedures pro- 


pid and severe in the eye so 
than in | the contralateral protected one.!38 
ontrariwise, it has been shown that if hyperlipid- 
-of only modest proportions, experimental 
nas are difficult to induce and maintain at an 
ve.site in the skin by injections of histamine, 
eas lesions are induced with ease if the hyperli- 
pidemia is gross.5* 

Hypertension has been envisaged as operating by 
producing further increase of the volume of plasma 
insuding through the more permeable segment of a 
vessel so as to make more total low density lipopro- 
tein and fibrinogen available for entrapment even 
with normal plasma concentrations of these proteins. 
This hypothesis agrees with the clinical observation 
that hypertension operates as a risk factor even in 
normolipidemic persons. But the further observation 
that. the influence of hypertension is more pro- 
ounced in diseases accompanied by hyperlipidemia 
easily explicable in terms of the mechanism out- 




























utflow from the wall (granulomatous arteritis, ex- 
nal trauma, for example) by obstructing or obliter- 
ing the lymphatic and venous drainage from the 
iter coats. 

Extravascular concomitants of atherosclerosis: 
plicit in the foregoing discussion is acceptance of 
ie evidence cited that the insudative mechanism op- 
erates not only in the specialized connective tissues 
of the arterial wall but also at other sites (in the eye 
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associated with the severity of arterial di 
ever, an identity of basic mechanism. does r 
sarily imply that precisely the same factors 
operating and interacting to the same degr 
rise to lipoprotein deposition in (say) the e 
some given site in the arterial tree. In fact 
dence of human corneal arcus formation has 
found to be closely associated with the occur 
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Conclusion 


The concept that has been outlined is largél ' 
statement of the classic insudative hypothe 
dated by modern methods and techniques = 
tended in the light of modern knowledge, asp 
by examination of the concept in relation i 
and experimental models that cast light on the 
anisms of atherogenesis. 

In view of the multifactorial nature of ather 
rosis, and the light this concept throws upon 
in which the risk factors can interrelate and rei 
one another at the level of the arterial wall, 
gested that there is a rational basis for propos 
efforts to prevent or alleviate the effects of 
sclerosis must be directed at controlling all id 
ble factorserather than a single factor (say hyg 
demia alone) in any person considered to be ; 
It is also hoped that this concept not onb 
vide a framework that can be tested by furth 
imental studies but also will stimulate new t 
tic approaches!“° to the control of atherogene 
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The rate of cholesterol accumulation is a function of three sep. 
processes: the transfer of lipid or lipoprotein from blood plasma ! 
artery, the binding and sequestering of lipids in the arterial wall. 
solubilization and removal of lipid from the artery. These p 
have been studied with lipids or lipoproteins labeled with radioi: 
by autoradiographic and quantitative chemical procedures. M. 
cently immunochemical procedures have been applied to this p 
Studies have been performed with intact animals, isolated orga 
cell cultures. In addition, homogenates have been used success 
study intraarterial transformations of lipids, (for example, cho 
esterification). Although epidemiologic and clinical studies, as 
animal experiments, have provided evidence that the conci 
plasma low or very low density lipoproteins parallels the rate 
genesis, the nature of the causal chain linking plasma lipop 
atherosclerosis is as yet unclear. A possible link between p 
proteins, arterial liproprotein lipase and atherogenesis has b 
lated. 























The purpose of my contribution to this Symposium is nc 
the many aspects of cholesterol transport and metabolisr 
relation to atherogenesis; several monographs and review 
able on those topics.!-!? Instead, I shall limit myself to th 
of cholesterol and lipid transport that appear to have the m 
bearing on atherogenesis. Even in this attempt I shall n 
exhaustive in the review of literature but select for present. 
papers that have most closely paralleled or complements 
search in my laboratory. 

The accumulation of cholesterol and its esters in the ar 
human subjects and experimental animals may be regarde 
consequence of three separate processes: those facilitating « 
ing the entry of cholesterol into the arterial wall; those re 
bind, precipitate or segregate the arterial cholesterol into an 
form; and those mediating the release of cholesterol from the 
ther as a balancing element in the process of atherogenesis o 
main factor responsible for regression of cholesterol-conta’ 
sions. Most of the work available to date is concerned wit. 
of cholesterol and thus of necessity most of this paper will 
that subject. In addition, the release of cholesterol from arterie 
from isolated cells, and the role of cholesteryl ester and | 
and very low density lipoproteins in atherogenesis will bé discus 


Uptake of Labeled Cholesterol 
` Several review. articles!!-14 have commented on ‘atudiéa perf 



































es in the execution and interpretation of such ex- 


‘Pitfalls i in éxéGution and interpretation of ex- 
periments: The labeled cholesterol may be adminis- 
redas. an oral or an intravenous dose. The latter 
in be prepared by solubilizing the labeled cholester- 
ol in plasma or in saline sclution by the use of a non- 
nic detergent,!? but the possible effect of the deter- 
gent on lipid transport and metabolism has to be con- 
sidered. If cholesterol in an alcoholic solution without 
rfactant is injected directly, or after mixing with a 
solution, the labeled ckolesterol is present in par- 
late form which is swept from the bloodstream by 
upffer cells in. the liver and by macrophages in 
her tissues.!Ó In each instance the investigator 
eds to ask himself whether or not the labeled mate- 
rial is taken up by the aortic wall in a physiologic 
manner. Phagocytic uptake of particulate cholesterol 
3y aortic endothelium, for example, would give mis- 
leading results. In our own experiments we have pre- 
ferred to administer the cholesterol label as part of 
the food supply by dissolving the labeled cholesterol 
in a small amount of oil that is then thoroughly 
mixed with a portion of the diet. 
_ A second point of consiceration is the manner of 
alculating the results of the uptake study. The la- 
led cholesterol found in the arterial wall at a given 
1e may or may not represent the total amount of 
taken up because any losses of label from the 
‘ould influence the total label found in the wall. 
sequently one should design the study so that 
ss of label is minimal or so that a correction for the 
oss can be made. A correction would not be difficult 
the arterial cholesterol pool were homogeneously 
labeled, but this is usually not the case.!^-!? Thus, 
ss of label is particularly large in a long-term exper- 
iment after.a single intravenous dose of label, when 
the specific activity of plasma cholesterol is contin- 
ually decreasing while the specific activity of choles- 
ol in the artery is increasing. Later, the specific ac- 
y. of the superficial cholesterol layers in the ar- 
ry may well exceed that of plasma cholesterol, so 
at a net loss of label from the wall occurs. Under 
the: -eonditions the calculated rate of uptake of cho- 
esterol by the artery may bea gross underestimate of 
the actual uptake. In our experiments we have at- 
empted to minimize this error in two ways: (1) by 
feeding the labeled cholesterol with the diet in divid- 
ed doses, thus generating a rising plasma cholesterol 
ific activity curve, and (2) by terminating the ex- 
periment no later than 48 hours after the beginning 
of dosage. The rate of plasma cholesterol uptake by 
. arterial wall is then calculated from the arterial ra- 
dioactive cholesterol divided by the area under the 
plasma. cholesterol specific activity curve.!? 






















































Sow ce of arterial wall cholesterol: From our 





NS rived bo. plema cholesterol or was in rapid equilib- 

l rium with plasma cholesterol.!2:20 On the other hand, 
in the normal aorta, local synthesis of cholesterol 

- may well take place. Dayton,?! for example, observed = 


: nlarging « on j these o comments and includi diis 
ym more recent studies, I will discuss some difficul- - 


L-fed ubbit: it was evident that = 
lestercl was either initially de- 








that about one third of the cholesterol in the abdomi- 
nal aorta of normal chickens is derived from synthe- 

sis in situ. Field et al. concluded from their studies 

in atherosclerotic patients that a major portion of ar- . 
terial cholesterol is derived from synthesis by the ar- 
tery. In similar studies Chobanian and Hollander?3 
and Gould et al.?* concluded that arterial cholesterol ^. 
was subject to turnover. Both of these conclusions are. = 
subject to the previously mentioned reservations _ 
about the interpretation of tracer experiments. 


In studies on experimental animals it is easier to 
overcome some of these objections, and the results of 
earlier studies have been critically examined by Zil- 
versmit!? and Dayton and Hashimoto.!4 In our stud- <- 
ies!’ as well as those by Dayton and Hashimoto, 
Jensen,” and Day et al.,?? uptake of labeled choles- 
terol by the arterial wall in vivo appeared to. be 
roughly similar to that observed in vitro. Inactivation ^ 
of enzymes by metabolic inhibitors, or by boiling 
strips of aorta prior to incubation with labeled cho- 
lesterol preparations, appeared to have little effect on 
cholesterol uptake.!7?5 On the other hand, Jensen? 
concluded that uptake of cholesterol by rabbit aorta 
was related to glycolytic activity of that organ. 


Hemodynamic factors and cholesterol deposi- 
tion and uptake: In addition to metabolic activity 
the effect of blood pressure on cholesterol deposition: 
in the arterial wall has been subject to both specula 
tion and experimental investigation. According to the 
filtration theory of atherogenesis,?? one would expect. 
to find a large effect of hemodynamic factors on the. 
uptake of labeled cholesterol by the arterial wall. 
Campbell et al.?? found little or no effect of hyperten- 
sion on the uptake of labeled plasma cholesterol by 
atheromatous arteries of intact cholesterol-fed rab- 
bits, but some increase in cholesterol concentration 
in the atheromatous arteries of the hypertensive ani- 
mals was seen. Caro and Nerem?!?? studied a variety. 
of hemodynamic factors in perfused carotid arteries... 
of the dog but found that the rate-controlling pro- ^... 
cesses governing the uptake of plasma cholesterol by 
the arterial wall were related primarily to transport ~ 
within the wall rather than to diffusion of lipid orli- . - 
poprotein through a boundary layer between the wall 
and the bulk of blood plasma. 


Other evidence that factors within the arterial wall: 
determine the local uptake of plasma cholesterol has 
been provided by Somer and Schwartz,!? who found- 
that areas of pig aorta that showed greater perme- 
ability to Evans blue also showed increased uptake of 
labeled plasma cholesterol. It is possible, of course, 
that some hemodynamic factor was originally at the 
root of the increased focal permeabilities: but evi- | ' 
dence supporting. a direct role of the integrity ofthe ^. 
arterial wall in cholesterol uptake has sprung from s 
many other studies. Among. the recent studies in — 
this area he " Wmeuittetion Bondjers and E 
























F Bjérkerud®*-* ciearly. chow that in otherwise normal 
abbit arteries, cholesterol uptake in areas of endo- 
helial injury is 10 to 15 times greater than in areas in 
ih h the endothelium is intact. Free cholesterol in 
rteries and plasma equilibrated very rapidly in the 
injured areas compared with areas that had not been 
injured or in which repair had taken place. These 
findings demonstrate that intact endothelium pro- 
vides a barrier against the free exchange of cholester- 
ol between plasma and the arterial wall?9 Similar 
‘conclusions have been reached for the permeability 
of the arterial wall toward plasma proteins.?? 








.. Release of Cholesterol from Arteries and 
Isolated Celis 


-Pitfalls in interpretation of experiments: If 
there are difficulties in the study of cholesterol up- 
take by the arterial wall, there are even greater dif- 
ficulties in the interpretation of experiments de- 
-signed to show, by means of labeling experiments, 
that net efflux of cholesterol is possible under appro- 
‘priate conditions. 
. Several types of difficulties exist: (1) Arteries used 
or in vivo or in vitro experiments are seldom uni- 
formly labeled. Loss of labeled cholesterol from a sur- 
face layer with a much greater cholesterol specific ac- 
tivity than the rest of the lesion cannot easily be 
translated into an efflux rate. (2) Even if the artery 
were uniformly labeled by prolonged feeding of the 
<label before the efflux experiment is begun, the de- 
_ pletion of label from the arterial surface during an in 
. vitro release experiment would not allow the simple 
"calculation of release rates, which assumes a homoge- 
neously labeled pool. (3) In vitro efflux experiments 
have been performed in which loss of labeled choles- 
terol from both the intimal and adventitial surface 
has been measured although the loss from the adven- 
-titial tissue may or may not be relevant to regression 
“of atheromas. (4) Loss of labeled cholesterol from the 
"arterial wall in vivo, as described by Lofland and 
. Clarkson?? in the pigeon, is complicated by the pres- 
"ence of labeled cholesterol in plasma during the re- 
-gression period. In these latter experiments, for ex- 
.. . ample, labeled cholesterol was fed to Carneau pi- 
-  geons for 30 days, after which time the label was re- 
^ moved from the diet, but nonlabeled cholesterol re- 
“mained as part of the diet. The efflux of label was 
calculated from the half-time of disappearance of ra- 
dioactive cholesterol from normal areas, fatty streaks 
and plaques. From the half-times and amounts of 
cholesterol present in each area, an efflux of arterial 
cholesterol was calculated, but this calculation is 
~.valid only if no influx of label occurs while the half- 
- life is measured. In other words, if the arterial choles- 
terol pool is labeled with a pulse label the half-life of 
| the die-away curve gives a measure of efflux; but if 
the plasma continues to contribute label, as was the 
ase in the pigeon experiments, the experimentally 
determined half-life is much longer than the true 
half-life and the efflux of arterial cholesterol would 
be underestimated. 







_ the reverse direction depending on the concentrati 


Results of in vitro sxperiticdls. on chili 
release: Notwithstanding the limitations of i 
experiments for the measurement of cholestero 
lease, they seem to offer greater possibilities fc 
trol of essential variables than those performed i 
tact animals or in man. Dayton and Hashimoto 
Newman and Zilversmit!? and Day et al^ hi 
shown that both free and esterifed cholesterol can 
released from arterial strips and that metabo i 
ity appears to play little or no role in this rele 
et al.29 demonstrated that pigeon aortas 
with serum release labeled cholesterol into 
um, and that atheromatous aortas release abou 
as much cholesterol as do normal arteries. Ruten 
and Soloff4^ have measured the release of c 
from human arteries into normal and heat-inacti 
ed serum. They speculate that lecithin:choleste 
acyltransferase may be involved in the transfer 
free cholesterol from artery to serum and they 
presented preliminary observations! showing 
patients with myocardial infarcts have reduced 
ity of this enzyme. a 
Cholesterol uptake and release by iso ate 
cells: Finally, isolated cell systems have been usec 
study the release of cholesterol into the m 
Rothblat and Kritchevsky*? have worked wit 
culture cells and have also measured the ef 
added fatty acids, phospholipids and ¿delip 
serum proteins on the uptake of cholesterol by 
in culture. Bailey*^ has measured both uptake 
release of cholesterol by cell cultures and has de: 
strated that of various types of delipidized . 
tested in the incubation media, rabbit serum was. 
least effective in promoting release of labeled cho 
terol from cells. Heating serum sufficiently 
vate lecithin:cholesterol acyltransferase did: not a 
the ability of serum to increase choleste 
Nilsson and Zilversmit*> used rat liver. 
macrophages to study the release of cholest 
cells that had ingested preparations of colle 























































































ed by previous exposure to lecithin: cholesterol 
transferase activity did not increase the releas 
beled cholesterol above the level obtained: wit 
same amount of fresh serum. m 

It would appear from these experiments: and 
those of Werb and Cohn* on mouse peritone 
rophages that free cholesterol equilibrates readil: 
tween cell membranes and serum lipoprote 
state of equilibrium the free cholesterol : move 
same extent from cells to lipoproteins as i 
verse direction. In a steady state the mov. 
cholesterol even though it proceeds in both d 
tions, may predominate from cell to lipoprotein o 
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ns are relatively overloaded with unesterified cho- al workers.53-55 Incorporation of labeled cholesterol 
esterol or other lipids that compete for the same into. esterified cholesterol appears to be slower, but 
inding sites. Release of free cholesterol probably oc- St. Clair and Lofland*6 were able to demonstrate ap- 
urs under the reverse condition. It is therefore im- preciable conversion of labeled cholesterol to its es- 
rtant to have a better understanding of lipid-lipid ters in organ cultures of pigeon aortas. It is difficult => 
and lipid-protein interactions and the effect of these to estimate from these experiments the quantitative EE 
nteractions on the potential for cholesterol flux into significance of in situ cholesterol esterification com- 





pared with that of cholesteryl ester influx: from plas- 
The previous considerations have dealt mostly ma.!2 
ith the movement of unesterified cholesterol. The Relation to atherogenic process: iieo in- 
ituation for esterified cholesterol may be quite dif- corporation of labeled oleate into cholesteryl ester of- 
ent. The cholesteryl esters are much less polar and pigeon aortas could be demonstrated in cell free 
are thought to be present in the hydrophobic interi- preparations as early as 2 weeks and in rabbits as 
of lipoproteins and segregated from the cell mem- early as 3 days after initiation of cholesterol feed- 
rane into oil droplets of microscopic size. I shall ing.5758 At this time little or no cholesterol had accu- 
refore take a separate look at cholesteryl ester lo- mulated in the arterial wall. It is evident therefore 
ization and formation in the arterial wall. that fatty acid incorporation into cholesteryl ester is 


i closely linked with the atherogenic process and may 
ae Cholestery! Esters anc the Arterial Lesion well be one of the mechanisms whereby cholesteryl : 
~The nonhomogeneity of lipids in the arterial le- ester droplets accumulate in the arterial wall. This 
ions-is nowhere better demonstrated than in the hypothesis is supported by the observation that dur- 
study of esterified cholesterol. Lang and Insull^? have ing regression of lesions the incorporation of oleate 
lescribed the presence of 0.5 to 5 um oil droplets in into cholesteryl ester is markedly reduced.?? Hashi- 


c fatty streaks. The droplets floated when a ho- moto and Dayton,9? on the other hand, were unable 
genate was centrifuged; they showed a tempera- to find a relation between the cholesterol-esterifying 
'e-dependent birefringence when examined under activity of aortas and the degree of resistance of sev- 


polarizing microscope; and they were composed eral species to atherosclerosis, but they and their co- 
ly exclusively of esterified cholesterol with a pre- workers®! did observe greater conversion of oleoyl ~ 
lerance of the oleate ester. As much as 70 percent coenzyme A to cholesteryl ester than of palmityl- or. 
the esterified cholesterol in fatty streaks was found linoleyl coenzyme A. Since cholesteryl oleate is the 
floating droplets, whereas most of the free choles- predominant cholesteryl ester of atheromatous le- 
and phospholipid was associated with tissue sions it is tempting to assume that esterification of ' 
ments that sediment upon centrifugation. cholesterol in the arterial wall is an integral rather ^: 
Differences in cholesteryl esters in different areas than an incidental part of atherogenesis. 
the lesion have been reported. Cholesteryl ester as- Cholesteryl ester hydrolase and atherosclero- 
"ated. with perifibrous lipid showed a much higher sis: Two enzyme systems appear to be capable of in- 
oleate content than that ef fat-filled cells, which corporating labeled fatty acids and cholesterol into 





re relatively richer in cholesteryl oleate. 48-50 The arterial cholesteryl ester: one with a pH optimum of 
imilarity i in fatty acid compesition of cholesteryl es- 7.5 and requiring adenosine triphosphate and coen- : 
ers found in association with fibrous tissue*® and zyme A, the other with a pH optimum of 5 and no 
hat of plasma low density lipoprotein, and the obser- such cofactor requirements.9? The enzymatic hydrol- 
ration that cholesteryl esters of very low and low ysis of cholesteryl esters by arterial tissue has also 


y lipoproteins readily transfer to delipidated been demonstrated.6364 Labeled cholesteryl esters 
,9! has stimulated speculation that these esters added to homogenates of rat or monkey aortas un- 


l nai sd in serum and might represent an index of dergo hydrolysis but the activity of the cholesteryl 
extent of lipoprotein infiltration (see later). How- ester hydrolase does not appear to be related to ath- 
-the existence of cholesterol esterifying and hy- erogenesis.9^ The interpretation is somewhat diffi- 


ing enzyme systems in the arterial wall cult, however, because of the vastly different quan- 
uggests that the fatty acids esterified to cholesterol tities of endogenous cholesteryl esters present in nor- 
are subject to change within the wall. mal and atherosclerotic aortas.5’ Cholesteryl ester 
Radioassay of fatty acid uptake by cholesteryl hydrolase is found in the lysosomal fraction of arteri- 


en ester on from 1C- acetate al smooth muscle cells.“ In the atheromatous aorta 
of cholesterol-fed rabbits much of the excess cholest- 
eryl ester is found in low density. lysosomes that. ap- 
? When aortic pos from cholesterol-fed pear to be deficient in this enzyme. It is interesting — -> 
ith: Te cholesteral and ug- to speculate that hydrolysis of cholesteryl ester is ae. 
prerequisite before the sterol can - removed from 
_ the cell, and evidenca for such aren 













| lage : 
ibility to such an interpretation is that | 


nt to atherosclerosis such as dogs and 
gher concentration of cholesteryl ester 
the aorta than do susceptible species 
abbits, swine and guinea pigs.® 
mary, the significance of cholesteryl ester 
ion in the aorta is not at all clear. Does the 
ation of free cholesterol by the arterial wall 
te significantly to the accumulation of esteri- 
lesterol in the diseased artery, or is the main 
route for cholesteryl ester accumulation an infiltra- 
ion of esters from plasma? If the former is the case, 
is the conversion of free to esterified cholesterol a 
otective mechanism of storing a harmful sterol in a 
armful state,9? or is the accumulation of cho- 
ryl ester in the hydrophobic interior of the ath- 
eromatous lesion the beginning of irreversible fibrotic 
actions that ultimately lead to the clinical conse- 
quences of vascular disease? Answering these ques- 
s is the aim of much current research. 


Role of Low Density Lipoproteins in 
Atherogenesis 


rterial uptake and transmural distribution of 
low density lipoprotein: The high serum cholesterol 
centrations associated with severe atherosclerosis 
e usually seen in patients with elevated levels of 
density (beta) lipoproteins. The first investiga- 
m on the uptake of serum low density lipoprotein 
he aorta was performed in the dog,’° an animal 
that: has relatively little low density lipoprotein in its 
blood and is not very susceptible to atherosclerosis. 
Uptake of low density lipoprotein appeared to de- 
crease along the length of the aorta. 
“An in vitro comparison of low density lipoprotein 
ptake by arteries from different species showed that 
cockerel and rabbit aortas took up more low density 
lipoprotein than rat aorta, and that the aortas of cho- 
sterol-fed rabbits took up more than those from 
bits on their normal diet.7! However, it is difficult 
elate these findings to the relative susceptibilities 
these animals to atheromatosis, since the incubat- 
aortic disks had been stripped of their adventitia, 
id. low density lipoprotein uptake probably took 
place both at the intimal and at the injured medial- 
dventitial surfaces. 
- Scott and Hurley??? have attempted to measure 
the rate of low density lipoprotein uptake in patients 
ith terminal disease. They found that albumin as 
ell as low density lipoprotein labeled with radioac- 
ive iodine entered the arterial wall primarily from 
the intimal side. This finding is at least in partial ac- 
cord with results of similar studies in cholesterol-fed 
bbits; in arteries with severe lesions uptake of la- 
eled albumin and of labeled cholesterol proceeded 
marily from the intimal side.'® In beginning le- 
and in normal arteries the entry of albumin ap- 
occur from the adventitial side.” An inter- 


but unexplained observation is that the in. 
take of. iodinated dow density: Hpoproie and: iy 


“the media. 75 Simila iy, the upt 

i density lipoprotein appeared tò 
ries of cholesterol-fed rabbits previously tr 
clofibrate.7? In this instance the reduced serun 
lesterol concentration could have accounted 


both point to differences in the palle. an 
tities of protein and cholesterol uptake by the arteria! 
wall. Adams et al. compared the transmural distr 
tion of labeled albumin and labeled cholester 
aortas of the normal and cholesterol-fe 
whereas Virág et al. studied rabbit beta lipopr 
that were labeled in the protein and. ch es 
moieties. Whereas Adams et al. stressed the dif 
ence in transmural distribution of the labeled prot 
and cholesterol, Virág et al. pointed to the larg 
take (expressed as plasma clearance) of chol terol 
than of the protein portion of the beta lipo 
molecule. This finding should not be surpr 
view of previous studies which showed that 
the labeled free cholesterol of plasma excha 
readily with that of atheromatous aortas. 12, 
the uptake process could well consist of lip 
uptake plus an additional apparent uptake. « 
cholesterol by an isotopic exchange reaction. | 

In our laboratory we have examined the in 
take of labeled unesterified and esterified choles 
by the aorta of normal rabbits of differen: 
The normal aorta, even in older animals, appea 
be all but impermeable to esterified but not to 
terified cholesterol, even though the uptake 
latter was lower by at least an order of magni 
than that observed by Virág et al.76 If in th 
artery low density lipoprotein were taken up 
tact molecule, one would expect that este 
lesterol, which is embedded in the core of t 
protein, should also enter the arterial wall 
therefore be tentatively concluded th: t he 


rier to the uptake of low density | 

suggestion made earlier on the basis of in vi 

ies.36 
Interpretation and significance of up 

ies of low density lipoprotein: The uptake 


perimental animals and the presence | 
lipoprotein in diseased arteries?5-59 must 
interpreted with caution. Although it is tem 
conclude that the uptake of low density: 

by the artery is the cause of atherogenesis, the fi 
ings are as easily interpreted as the result. ó 
ease process. À breakdown of a metabolic o 
tural barrier in the normal artery would all 
large molecules easier access to binding s 

the intima or media. Several studies have 
that mucopolysaccharides?!-5* or elastin?! c 

low density lipoproteins or cholesterol. Inv 
aimed at elucidating the sequential relati 
arterial disease, attend permeability. and. the 








p 1 he present state of U RE 


of Very | Low Density Lipoproteins and 
. Chylomicrons i in Atherogenesis 


Clini a. and epidemiologic studies®+-*6 as well as 
investigations on the genetic basis of lipoprotein ab- 
-normalities57^98 have generated increasing evidence 
hat atherosclerosis may be related to elevated tri- 
 glyceride. levels as well as to elevated cholesterol con- 
centrations in serum. Until recently, however, it was 
_ difficult to establish a mechanism whereby high con- 
_ centrations of serum triglycerides could influence the 
: development of arterial lesions. The meticulous stud- 
-ies of Insull and Bartsch?? showed that atheromas in 
'oronary arteries or in the aorta do not contain exces- 
ive amounts of triglyceride. A mechanism that re- 
onciles the reported absence of excessive triglyceride 
rterial lesions with a functional involvement of 
ypertriglyceridemia in atherogenesis has recently 
een suggested.?? 

According to this view the lipolytic degradation of 
riglyceride-rich particles, chylomicrons and very low 
nsity lipoproteins, takes place in close association 
th vascular endothelium or other components of 
terial intimal surface. The presence of sulfated 
copolysaccharides in the arterial intima has been 
ented in numerous investigations reviewed by 
n et al.?! Some of these mucopolysaccharides 
act strongly with chylomicrons and very low and 
ensity. lipoproteins and also activate lipoprotein 
' ound in adipose tissue,92 heart muscle?? and 
b ly also in the arterial wall,9?-97 although the li- 
se in the latter organ has not been fully character- 
pose tissue lipase appears to be activated by 
tor contained in bleod platelets.99 It is possible 
t local activation of arterial lipase by platelets ad- 
ering to. focally injured endothelium may accelerate 
the degradation of triglyeerides in sites that will ulti- 
ately have atheromatous lesions. 

The metabolism of triglyceride-rich lipoproteins 
hat may be involved in atherogenesis might proceed 
mewhat as follows: Chylomicrons and very low 
ity lipoprotein of endogenous origin are bound to 
ascular endothelium by sulfated mucopolysac- 
rides. -PNelycaides sre hydrolyzed by a locally 
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: babuty of whicirs may be regulated : 
by the peptide composition of the substrate?! as. 
well as by a platelet factor.95 The size of the adsorbed. 


. particle is reduced and its composition is changed. — 
Phospholipids and unesterifed cholesterol, which are 


present primarily in the surface coat of the particu- 
late lipids,!9119? are transferred to the higher density 


lipoproteins circulating in the bloodstream. A similar. ae 
transfer might also account for the loss of the smaller’. 


C-peptides from the larger complexes.103104 What re- - 
mains are the uridigestible remnants of the original ` 
particles, composed primarily of cholesteryl ester and 
apolipoprotein B. These remnants may be partially 
released into the bloodstream and partially taken up 
by endothelial or smooth muscle cells in the arterial 
intima by a phagocytic or pinocytotic mechanism. 
The presence of protease, lipase and cholesteryl ester 
hydrolase activity in arterial lysosomes has been 
demonstrated,9596 and a further degradation of the — 


remnant may take place by means of lysosomal ens. ay 


zymes. 


It is likely that the foam cells seen in atheromatous 


lesions represent the end product of a series of reac- 
tions. These may begin with the selective binding of 
low density lipoproteins or triglyceride-rich particles - 
at the intimal surface. They may be followed by the 
ingestion of these particles, or their partially degrad-- 
ed remnants, by a pinocytotic mechanism and a sec- 
ond stage of digestion by hydrolases derived from ly- 
sosomes that coalesce with the pinocytotic vesicles. 
The final undigestible residues of cholesterol, both 
free and ester possibly combined with mucopolysac 
eharides, accumulate in membrane-bound vacuoles 
as seen in foam cell lesions. 


Finally, cell death occurs and the lipid-rich content. V 


of these cells is spilled into the extracellular spaces. 
There it remains as a mass of amorphous and liquid. — 
crystalline material, metabolically inert and not ac-- 
eessible to cellular or humoral mechanisms that 
might otherwise resolubilize the lipid deposits. That . 
resolubilization of cholesterol deposits is possible is 


seen in the reversibility of a cholesterol fatty liver 
and on a smaller scale in the resclubilization of par- . 


ticulate cholesterol taken up by Kupffer cells in the 


liver. It is obvious that research on cholesterol and li- ^^ 


poprotein transport both into and out of cells and the- 
influence of diet and drugs on this process might 
eventually provide a rational basis for the prevention 
and treatment of atherosclerosis. 
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The rates and products of lipid synthesis from acetate-I-'4C wer 
ied in mitochondria isolated from control and atherosclerot 
aorta. More acetate was incorporated into fatty acids in th 
terol-fed animals. The mechanism was one of chain elongation, 
the resultant products were longer in chain length. The new 
ed fatty acids were esterified mostly into phospholipids, pre 
those turning over most rapidly. Ae 
A hypothesis is proposed for the pathogenetic sequence: 
ol feeding alters transport functions of the mitochondrial memt 
aortic smooth muscle cells. Respiration and redox. state are 
and consequently acetate is incorporated more rapidly into 
as an alternate mechanism for oxidation of the reduced form of 
amide-adenine dinucleotide (NADH). Rapidly turning over phos 
ids esterify these fatty acids and may transfer them ultimately 
lesterol. Esterified cholesterol is less exchangeable and commen 
accumulate. 


Atherosclerosis is a disease of the arterial wall. Understan 
pathogenesis of the atheroma demands detailed knowledg 
tissue's responses to atherogenic stimuli. The ability to p 
sions similar to man’s in a number of experimental animals 
vided us with the capacity to learn what is happening in the invol 
tissue in response to the inciting stimulus. These tissue resp n: 
added together, result in the construction of the atheroma, 
characterizes the disease. Ultimately our objective, from the cl. 
viewpoint, is to intercede and modify the tissue responses to t 
gle or multiple atherogenic stimuli. For the present, our goal 
identify the machinery and determine what it is doing. - URS 
Previous work from this laboratory showed that the rate of oxy 
consumption by the atheromatous aorta was increased: com] 
with that of the nonatheromatous aorta.! This difference in respi 
tory rate directed our attention to the mitochondria as a site of 
function. In subsequent studies? we noted that the addition o 
pension of 1 to 2 percent cholesterol to the diet of the expe 
animals resulted in atheromatous lesions containing abou : 
times as much total fatty acid as found in the nonatheromato! 
Therefore, the cholesterol feeding resulted in more than ch 
accumulation. Accordingly, much of our later work was conc 
with fatty acid synthetic mechanisms in the aorta. “a 
Fatty acid synthesis is primarily a mitochondrial function i 
aorta.) This situation is similar to that in the heart,* but co 
with that of tissues in which triglyceride synthesis is à maj 
tion; in these, fatty acid synthesis occurs for the most part 1 
tosol.. m EUM 
We had previously studied fatty acid synthesis by isolat 
mitochondria from normal rabbits. The objective of this stu 
compare products of the synthetic process in mitochondri 
from control and cholesterol-fed rabbits... —— E 















Rabbit Aortic Mitochondria 


Control Atherosclerotic 
: Percent Percent 
Content Compo- . Content — Compo- 


(ug) sition — (ug) sition 





ono- and diglyceride 552 

















483 2.9 1,385 11.3 


3.3 13 0.9 
nesterified fatty acids 1,933 11.7 1,079 8.8 
iglyceride - 3,486 21.1 2,903 23.6 
esterol = 76 | 4J 679 — 5.5 
colesterol e 3,693 22.4 2,264 18.4 
Jknown ne ipi 724 44 253 21 
sphatidyl choline 276 17 333 2.7 
iosphatidyl inosi 483 2.9 389 2.9 
ims phatidyl et i 483 2.9 306 2.5 
| a 362 22 49 39 
1s 120 0.7 146 1.2 
3,123 18.9 1,978 16.1 

ipi i 
(2 EN 


‘separate analyses, each representing four animals, were 
armed on. the chloroform/methanol (C/M) extracts from 
( ntrol and cholesterol-fed rabbits. The content values are the 
ums of: the four control and the sums of equal number of 
sclerotic C/M extracts. Within each group the four assays 
| not di er from one another by more than 10 percent. 



































- ; Materials and Methods 


hite New Zealand rabbits, 2 to 2.5 kg in weight 
12 months in age, were fed a basic diet of Purina 
ellets. The experimental animals were given the 
vith the addition of a solution of 2 percent 
pended in cottonseed oil. The animals were 
led by pithing. The aorta was rapidly removed and dis- 
ted clean of adherent tissue from the aortic valve down 
the iliac bifurcation. The preparation of the tissue and 
ocedure for isolation of mitochondria have previously 
en described in detail? Approximately 1 mg of mito- 
ondrial protein was obtained from each animal in both 
ups. : 

here were 16 control and 16 cholesterol-fed rabbits. 
) its from each group were sacrificed at a time and 
'hondria prepared from four aortas were pooled, 
and assayed separately. Therefore, four separate 
/ses were carried out in both the control and the cho- 








molar (mM) To ethanolamine. 10 mM potasium 
», 6 mM magnesium chloride, 20 mM potassium 
e, and 0.25 M sucrose. The following additions were 

mM adenosine triphosphate, 1 mM acetate, 0.1 
enzyme A, 0.5 mM nicotinamide-adenine dinucleo- 
uced form (NADH), 0.5 mM nictinamide-adenine 
eotide phosphate, reduced form (NADPH), 10 mM 
0 mM succinate; 3.2 uc acetate-1-14C was added to 
ibation vessel containing a total volume of 2.0 ml 
oximately 2.0 mg of mitochondrial protein. Incu- 
wer peered at SEO and the surface of the in- 














Assay method: entire. sequence of steps, reagents, 


` assays and equipment used has been detailed elsewhere.® 


The following is an abbreviated description: the chloro- 
form/methanol (C/M) total lipid extract was washed with 
acetate to remove precursor isotope and potassium chloride 
solution to remove other nonlipid material. From this ex- 
tract: : 
1. One aliquot of the C/M extract was assayed for total 
lipid content by the method of Marsh and Weinstein.? 
2. One aliquot of the C/M extract was assayed for total 
14C incorporation into lipid by direct liquid scintilla- 
tion counting. . 
3. One aliquot of the C/M extract was saponified and 
unesterified fatty acids were extracted with ether. 
a. A sample of the ether extract was subjected to 
Schmidt degradation.? 
b. Another sample of the ether extract was meth- 


ylated; mass quantitation of individual fatty 


acids was performed by gas-liquid chromatogra- 
phy and radioassay of the fatty acids by liquid 
scintillation counting. : 

4. A fourth aliquot was subjected to silicie acid column 
chromatography? to separate phospholipids from non- ` 
polar lipids. 

a. The neutral lipids were chromatographed on 
thin-layer plates and individual classes scraped 
from the plates; content was determined by char- 
ring and radioassay as above. 

b. The phospholipids were chromatographed using 
a different solvent system; individual phospha- 
tides were scraped from the plates and mass 
quantitation and radioassay were performed as in 
4a. 


c. À small sample of both neutral lipids and phos- ce 


pholipids was hydrolyzed and methylated and ~ 
the fatty acids from both classes were assayed: by 
gas-liquid chromatography. 
Substrates (citrate and succinate) and NADH. and i 





NADPH were obtained from Sigma. Adenosine triphos- i 


phate was obtained from Calbiochem and coenzyme A 
from P-L Biochemicals. Acetate-l-'4C was purchased 
from New England Nuclear. 


Results 


Lipid composition of aortic mitochondria: AM | 
16 control aortas yielded 15.8 mg of mitochondrial 
protein and the 16 atherosclerotic aortas yielded 13.4 
mg. In 1 hour 2.15 nanomoles of acetate were incor- 
porated into lipid per 100 mg of mitochondrial pro- - 
tein in the control group and 3.61 nanomoles in the 
cholesterol-fed group. 

Fable I compares the lipid composition of aortic 
mitochondria from control and cholesterol-fed rab-: 
bits. Less free fatty acid and more lecithin (phospha- < 
tidyl choline) and lysolecithin were present in the; 
cholesterol-fed animals. 

Specific activity of lipids in aortic initóehun: 
dria: After the column chromatographic separation. 


of neutral lipids from phospholipid, equal aliquots of : » ; 


each of the neutral and polar lipid extracts were 


chromatographed simultaneously on two thin-layer | Ef 
— -. plates. Corresponding spots were quantitated and as- — 
E payee i for Me 80 tiat t poalie activity could be ob- RU 





Namek In the control. group the highest specific. àc- 
< tivities were found in the phospholipids; phosphati- ` 
dyl ethanolamine, phosphatidyl inositol and serine ` 
and. sphingomyelin had the highest specific activities 


decreasing order (Table II). After cholesterol feed- 
g, the specific activities in the phosphatides in- 
creased dramatically. The specific activity of phos- 
idyl inositol and phosphatidyl serine increased 
about 10-fold. All of the phosphatides showed an in- 
crease in specific activity but, in addition to phos- 
i phatidyi inositol and phosphatidyl serine, the great- 
t percent increases were observed in lecithin and 
ysolecithin. This means that the turnover of at least 
the fatty acids of the phosphatides was greatly in- 


f Fatty acid composition of aortic mitochondrial 
lipids: After separation of neutral lipids from phos- 
olipids on the silicic acid column, the two classes of 
ipid were saponified and the fatty acids from each 
identified and assayed by gas-liquid chromatography. 
The relative (or percent) composition of the constitu- 
ent fatty acids is presented i in Table III. In the con- 
trol aortas, comparison of phospholipid and neutral 
lipid fatty acids revealed a larger proportion of the 
following fatty acids in the phospholipids: 10:0 and 
12:0, 16:1, 18:1, 18:2, 18:3 and the 20 series. Corre- 
sponding smaller proportions were found in 16:0 and 
he >22:2 series. In the cholesterol-fed group, the dis- 
tribution of fatty acids was quite similar in both the 
.neutral lipids and phospholipids; only a slightly 
smaller proportion of 16:0 and larger proportion of 
18:3 fatty acids were found in the phospholipids. 
Comparing control and cholestérol-fed groups, the 
neutral lipids contained a larger proportion of 10:0 
l and 12:0, 18:2 and the 20 series of fatty acids in the 


TABLE HI 
` Fatty Acid Composition of Aortic Mitochondrial Lipids 


TABLE 1I o 
_ -Specific Activity of Each of the Lipid Classes of 
- Mitochondria after incorporation of: "C-Acetate invi 





Control. 





Mono- and diglyceride 16.5 A3 
Unesterified fatty acids f 4,5210. 
Triglyceride 1.5+ 0:5 
Cholesterol 4:E 1.0 
Cholesterol esters -0 : 
Unknown neutral lipids Qus 
Phosphatidyl choline 8.53: 2.3 
Phosphatidyl inositol and 74x 13.5 |... 
serine 
Phosphatidyl ethanolamine 
Lysolecithin 
Sphingomyelin 
Phosphatidic acid and 
cardiolipin 
Unknown polar lipids 15 





763: 5.0 
1.04:0.2. 
58 2- 7.8 
123: 4.7 


* Values expressed as disintegrations per minute/. 
=+ standard error of the mean. x 


atherosclerotic animals. The phospholipids « 
larger percent of 14:0, 16:0 and the >22:2 s 
smaller percent of 18:0 and 18:1 fatty a a 
cholesterol-fed series. 

14C radioassay of fatty acids: The 
of 14C incorporated into the individual fatt 
was small. Therefore, for greater accurac 
say, the gas-liquid chromatographic effl 
lected in only four portions. Fatty acid: 
lengths «10, 10-16, 18-20 and >20 were rad 
as four units. Table IV shows the percent 








Control 





Fatty* Acid 


Atherosclerotic 











4.33: 1.2 
3.5-+ 0.7 
2.3 3 1.0 
9.6 £ 2.7 
4.7 2: 2.1 
18.3 + 4.7 
19.2 + 3.4 
15.2 -- 9.3 
4.2 + 0.9 
6.5 + 1.8 


2.0 + 0.9 
4.2 3- 1.2 
4.0 x 2.1 
20.0 + 7.8 
3.0 4- 1.4 
12.9 + 3.6 
13.3 4 4.7 
12.5 + 2.5 


6.4 + 3.2 
0.6 + 0.2 
4.4 3- 1.1 
17.5 + 3.7 
2.0 4- 1.0 
20.7 + 6.7 
11.44 4.1 
8.4 + 2.3 

: 1.94- 0.5 

:11,2,3,4 0.7 + 0.2 

70,1,2 3.5 0.9 5.3431 
7.54 1.4 2.3 4- 0.9 
15.1 4.6 








: "Values axons as area. percent of peaks +: standard error of the mean. 


(NE = neutral le PLS = oe 











Control Atherosclerotic 


49: 8 25 3.5 
3046 15+ 2 
26: 7 35 + 6 


10 3 254 






| Alkyl Residue to MC- in Carboxyl Carbon 
Schmidt Degradation of Extracted Fatty Acids 





































Experiment MC-Alkyl: Average Chain 
no. 130-Carboxyl Length 
1 1:2.2 + 0.5* 16 
2 1:3.1 + 0.5 17 
3 1:5.7+ 0.5 19 
4 1:3.4+ 0.5 18 





ioactivity in these portions from both con- 
| experimental animals. The predominant '4C 
eling in the control aortas was found in the acids 
horter chain length, that is, those with less than 
6 carbons. In contrast, the majority of radioactivity 
as found in the acids of longer chain length in the 
therosclerotic group. 
chmidt degradation of the hydrolyzed fatty acids 
as performed to determine whether the fatty acids 
ere being synthesized de novo from acetate or 
ther the process was one of chain elongation. The 
are shown in Table V. The average ratio of the 
unt of 14C in alkyl carbons to !4C in the carboxyl 
} for the control aortas is 1:2.7, indicating that 
tate incorporation is accomplished by a chain 
on mechanism. More than a single two-car- 
t has been added to preformed chains to give 
ios. The labeling pattern is somewhat dif- 
she atherosclerotic group inasmuch as the 
1:4, indicating that fewer multiple additions 
ate occurred. Moreover, the average chain 


| we tae uel from i of iso- 


ia from rabbit aorta aand then Pr to z 


he context a the e largor 





eu “geen of atheroger esis in the arterial wall. The bulk 


of the mitochondria isolated from the aortic wall is 
probably derived from smooth muscle cells. Fatty 
acid synthesis in the aorta takes place largely in the 
mitochondria? Synthesis occurs by chain elongation. 
The heart mitochondrial system has received more 


study because of greater availability of material! and ... 


appears to be similar to that found in aorta. This sys- . 
tem does not use malonyl coenzyme A as an interme- 
diate and does use NADH as hydrogen donor. The © 
synthetic process is regulated by the level of NADH 
or the NADH/NAD* ratio. Therefore, the redox state 
of the cell controls the channeling of acetate into 
fatty acids, and the entire system can act. ini a com- 
pensatory fashion when the redox state is perturbed 
during certain physiologic states. Mitochondrial 
NADH could be reoxidized by means of this alternate. . 
route (namely, fatty acid synthesis) and permit syn- 


thesis of adenosine triphosphate by substrate-level - : 


phosphorylation.!° Cholesterol feeding stimulates 
this aortic mitochondrial system, resulting in more 
acetate incorporation into fatty acids and fatty acids 
of slightly longer chain length. The newly labeled 
elongated fatty acids are incorporated almost entirely 
into phospholipids, primarily phosphatidyl inositol | 
and phosphatidyl serine, lecithin and lysolecithin. 
Role of cholesterol-induced anatomic and met- 
abolic changes in arterial wall in atherogenesis: 
How do these pieces fit into the large puzzle into. 
which investigators from many disciplines are placing — 
pieces and from which a grand pieture is gradually 
emerging? Altschul!! first proposed that the accumu- 


lated cells in the subendothelial atherosclerotic 


plaque are smooth muscle cells of the media that had 


invaded the intima under the stimulus of cholesterol © 


feeding. Subsequently many workers!?-!4^ have docu- | 
mented the sequential changes occurring in the arte- 
rial wall as a result of cholesterol feeding and have 
described the probable role these *myo-intimal" cells 
play in the evolution of the atherosclerotic plaque. 
Many pertinent references can be found in the excel- 
lent review by Somlyo and Somlyo. Cholesterol or 
cholesterol plus its vehicle (such as low density lipo- 


protein) behaves like an irritant or stimulus to this |. 


“myo-intimal” cell.!6 The latter multiplies, appears 
to dedifferentiate and migrate. These cells now be- 
have more like fibroblasts but retain the myofibrils 
that proclaim their family ties. An early event in the 
disease is fragmentation of the internal elastic mem- 
brane! which permits these smooth muscle cells to . 
escape from their usual environment, that is, the’. 
media; thereafter they continue to proliferate and 
alter the normal architecture of the arterial wall and 
are soon filled with and surrounded by lipid. 
Biochemical studies have revealed metabolic coun-. 


terparts of the morphologic changes occurring in the. 
smooth muscle cell or its modified or primitive cous- ^. 
in, the myo-intimal cell. The increased. delivery of = 
cholesterol to the tissue might result in more choles- | dote 








terat t baing left in the interstices of the colle v mem- ; 












anes, including the mitochondrial mesibiiné: This = 
ould result in altered permeability characteristics = 
and modification of rates of transport of anions (sub- . 


trate), electrolytes and water. Àn impairment of 
ion transport in the mitochondrial membrane 

d interfere with the malate-aspartate shuttle,!? 
yhich is the mechanism for mitochondrial oxidation 
NADH. The exact nature and magnitude of these 
cholesterol-induced changes are speculative, but it 
appears likely that they account for the observed 
changes in respiratory rate and redox state. The ac- 
- celerated rate of mitochondrial fatty acid synthesis is 
„another consequence of the altered redox state, as 
noted earlier. In the isolated mitochondria the fatty 
ids rapidly become esterified to phosphatides that 
ve a rapid turnover. Other workers have studied 
phospholipid synthesis by the intact cells!? and ho- 
ogenates?? of the arterial wall and have shown that 
is synthesis is accelerated by cholesterol feeding. 
Recently, Hashimoto et al.?! have shown that a great- 


- 'er percent of iicorponstad. MC acetate wa 
-the phospholipids of atherosclerotic perfuse 


coronary arteries than in normal coronary a 
Therefore, there is ample evidence that the whol 
responds to the cholesterol feeding by increased 
thesis of the entire phospholipid molecule. 

In the milieu of the whole cell, the latter ph 
tides may pass on those fatty. acids to free c iol 
(by way of lecithin-acyl- cholesterol ti 
Such enhanced capacity to esterify cholester: 
face of the superabundance generated by 
feeding, closes the cycle. Once esterified, the 
terol has a much reduced exchangeability”? < al 
further aggravate the respiratory and trans; 
lems that initiated the sequence of ath 
events. : 
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Smooth muscle cells derived from rat aortic media were explanted and 
grown in culture for 14 to 60 days. During that time they formed a con- 
fluent multilayer and deposited extracellular material resembling newly 


formed elastin. The lipid composition of the cells in culture differed 


slightly from the parent cells in the intact aorta with respect to a higher 
phospholipid/DNA ratio and a higher lecithin content. The cholesterol 


content resembled that of parent cells. After incubation with labeled 5 : n 


precursor the cultured cells show an active lipid synthesis; choline is . 
incorporated mainly into lecithin, whereas glycerol and palmitate ap- 
pear in phospholipids and to a lesser extent in neutral lipids. After a 2 
hour pulse and up to 96 hour chase there is a linear fall in the specific 
activity of lecithin with a half-time of 28 to 30 hours. The rate of fall in 
specific activity of glycerol- or choline-labeled lecithin was found to be 
similar, indicating that choline does not turn over by an exchange reac- 
tion and is a suitable marker for studying phospholipid turnover in cul- 
tured cells. The results provide a basis for investigation of the effect of 
increasing cellular cholesterol content on phospholipid turnover. 


Lipid metabolism of the intact aorta in several mammalian and avian i 
species has been studied extensively and was recently reviewed by. 
Portman.! The various approaches used by the different investigators” 


permitted information to be obtained as to the synthetic and degra- o5 


dative pathways operating in this tissue. However, lipid turnover . 
studies were difficult to perform either in the intact animal or in the 
perfused organ. Various attempts to culture aortic cells in vitro have 
been made throughout the last decade,2-7 and some information has 
been gained about the effect of lipoprotein- or cholesterol-rich sera 
on the morphologic features of such cells. Recently Ross? developed a: 


reproducible method for the study of aortic medial cells in culture 


which we have adapted to the study of aortic smooth muscle cells in 
the rat? Since this method provides a homogenous population of 
cells, it permits determination of the turnover of phospholipids in 
aortic tissue. The establishment of this and other parameters of lipid 
metabolism under standard culture conditions is a first step toward. 
the study of the possible effects of varicus lipoproteins on aortic lipid ` 

metabolism. 


Material and Methods 


Male rats of the Hebrew University strain, kept in rooms with a constant... 2 
temperature and maintained on the pellet diet Am-Rod 931,!9 were usede | 55 


"Thoracic aortas, obtained under sterile surgical conditions from rats 3 - 


months of age, were immediately placed in “dissecting medium" (modified. : E : 
Dulbecco-Vogt medium) without bicarbonate and serum but containing Tris ^— — 
buffer at pH 7.4 and twice the concentration of antibiotic agents usually con- . ^... 


tain later). . 


edial segments of rat aorta were prepared according 
provide cultures of smooth muscle cells. They were: 



























ansferred with a small amount of dissecting medium into 
Falcon tissue culture flasks (75 cm?); medium was added to 
over the explants, but in small amounts, to promote ad- 
nce of the explants to the plastic surface. The flasks 
incubated at 37° C in an atmosphere of 5 percent car- 
dioxide and 95 percent air and were left loosely capped 
the first 24 hours to insure equilibration of the gas 
er the first few days, small amounts of medium 
idded until the full volume of approximately 10 ml 
reached. Cells were then fed twice weekly by replace- 
ent of approximately two thirds of the medium in the 
. flask with fresh medium. The smooth muscle cells usually 
"began to grow out of intimal-medial explants within 10 to 
.. 44 days. After 2 to 4 weeks, when growth appeared to be 
confluent or, when the rate of multiplication slowed, the 
cells were trypsinized.? 
"The cells were grown in plastic Falcon petri dishes (60 
- mm in diameter) into which 7 X 10* cells had been seeded 
and had grown to confluence in 4 ml of medium (modified 
ulbecco-Vogt containing 10 percent fetal calf serum) that 
was changed every other day. 
Experimental Procedure 
Preparation of radioactive substrates: Choline-meth- 
'carbon-14 chloride (specific activity of 60 mCi/mmole) 
glycerol-2-hydrogen-3 (n) (specific activity of 420 mCi/ 
mole) were diluted with sterile 0.9 percent sodium chlo- 
de to a concentration of 12.5 uCi/ml and 125 uCi/ml, re- 
spectively. 1-!4C-palmitic acid (specific activity of 55 mCi/ 
mmole) was converted to a sodium salt by addition of 0.1 
molar sodium hydroxide and was complexed to fetal calf 
serum as described previously.!! In experiments in which 
14C.palmitic acid and choline chloride were used, the latter 
was labeled with 3H in the methyl portion of the molecule 
(specific activity 15.4.Ci/mmole). All radioactive substrates 
were sterilized in IEC filter-fuge tubes containing a 0.45 yu 
Millipore filter, by centrifugation at 8,000 revolutions/min 
for 15 minutes in a Sorval centrifuge at 4°; 0.1 to 0.2 ml of 
the sterile substrates was added to 4 ml of freshly changed 
culture medium in each petri dish. Incubations were car- 
` 4 ried out at 37° in an atmosphere of 5 percent carbon diox- 
ide and 95 percent air. 
© At selected time periods the medium was removed and 
the cell layer was washed six times under sterile conditions 
with 2 ml aliquots of Tris-Versene buffer, pH 7.4 (the buff- 
er contained per liter 8 g sodium chloride, 0.2 g ethylenedi- 
amine tetracetic acid, 0.4 g potassium chloride, 0.005 g phe- 
nol red and 0.02 M Tris hydrochloride), containing 3.3 
ymoles/ml of carrier glycerol and choline. In pulse-chase 
4^ experiments 4 ml of fresh medium, containing carrier glyc- 
. erol and choline (3.3 umoles/ml), was added and the petri 
dishes were incubated for different time intervals. At the 
“end of the chase period, the chase medium was removed 
-and the cell layer was washed once with 2 ml of Tris-Ver- 
` sene buffer. In all experiments the cells were released from 
5. the petri dish by trypsinization (0.05 percent trypsin in 
<- oo Tris-Versene buffer) at 37°C for 5 to 10 minutes. The cell 
^ suspension was transferred to a test tube and 10 percent 
““trichloracetic acid (TCA) was added to make a final con- 
eentration of 5 percent. The TCA-soluble fraction was re- 
oved, the precipitate extracted with Folch solution (chlo- 
form:methanol 2:1 vol/vol) and an aliquot of the chloro- 
rm phase was analyzed for lipid-soluble radioactivity. 
The precipitate remaining after Folch extraction was ana- 
for deoxyribonucleic (DNA) and ribonucleic (RNA) 
cids 























































n some experiments the chase medium was also extract- 
d with 20 volumes of chloroform:methanol (2:1 vol/vol); . 






the extract was further treated according to the m 
Folch et al.!? and radioactivity was determined in both 
chloroform and aqueous phase. The washed cell laye 
treated as described earlier. * 
Analytical procedure: Cells were extracted with c 
form:methanol (2:1 vol/vol) and purified. according 
method of Folch et al.!? Phospholipids were determi 
cording to the technique of Bartlett,? cholesterol 
method of Chiamori and Henry, and DNA and R. 
the method of Schneider.!5 Lipid classes were separ: 
phosphorus-free silica gel H thin-layer plates, made 
by iodine vapor and identified with the help of ref 
standards. Neutral lipids were separated using à 
system containing light petroleum (boiling point 30 
C)—diethyl ether— glacial acetic acid (80:20:1 vol/vol/ 
Phospholipids were separated using a solvent sys 
taining chloroform:methanol:water (140:50:8 vol/vol/ 
The separated lipid classes were scraped into countin 
and assayed in a beta scintillation spectrometer 
scintillation fluid containing 0.7 percent 2,5-diph 
zole, 0.03 percent 1,4-bis-2-(4-methyl-5-phenyloxa 
benzol and 10 percent naphthalene in 1 liter of dioxar 
which 200 ml of water was added. For the determina 
specific activity of lecithin the silica gel was extracte 
times with 3 ml aliquots of boiling methanol cont 
percent water, lipid phosphorus, and radioactivity w 
termined on the methanol extract. E 
Double isotope counting was carried out with a T 
beta scintillation spectrometer 3380 equipped with ar 
solute activity analyzer (model 544). All radioactiv 
als were obtained from the Radiochemical Center, 
sham, Great Britain. $ 
Preparation of tissue for electron microscopy 
tion of the cultured smooth muscle cells was.carried 
situ for 20 minutes at room temperature using Karn 
formaldehyde-glutaraldehyde fixative!” diluted wi 
culture medium. The cultures were washed in buffer 
molar sucrose for 15 minutes, post-fixed in acetate-ver 
buffered 2 percent osmium tetroxide for 30: minut 
dehydrated in graded ethanols (35 percent, 70 pere 
percent, 15 minutes each; 100 percent twice at 15 m 
at room temperature. Propylene oxide was added 
petri dish!? and after 2 minutes of agitation the fixed a 
dehydrated culture was released from the dish in the fo 
of a film, which was then centrifuged and washed with pro 
pylene oxide infiltrated with Epon and embedded.!? Fo 
light microscopy 0.5 to 1.0 » thick sections were cu 
the Epon blocks and stained with 1 percent toluidine 
in 1 percent sodium borate. Thin sections were 
with uranyl acetate and lead citrate and examined ¥ 
Philips EM 300 electron microscope at 60 kilovolts. 










































































































Results 


Morphology: The aortic cells grown in 
formed a confluent multilayer that appearec 
lize after 14 to 16 days. Examination of the ; 
logic features of the aortic cells (Fig. 1), reve 
they grow as a multilayer and after longer per 
culture in the same petri dish form a structur 
bling the media of an artery complete wit 
lular material. The ultrastructural characte 
the cells, such as an abundance of myofilaments 
presence of dense bodies, plasmalemmal vesicle 

- well as the fact that they elaborate extracellular 
terial resembling elastin, permit us to classify tl 





as smooth muscle cells. These cells contain variable 
amounts of mitochondria, secondary lysosomes and 
lipid droplets (Fig. 1). Cells that had been in the cul- 
ture dish for 45 days contained less rough endoplas- 
“mic reticulum and had a more distorted outer con- 
„tour than cells cultured for 14 days or less. 

,. Chemical analysis: Analvsis of the cells grown for 
various time intervals in the petri dish revealed that 
the average amount of DNA per cell was 8.25 pg. 
Taking DNA as basis, total lipid phosphorus ranged 
between 10.3 and 13.8 ug/100 ug DNA and the RNA/ 
DNA. ratio was 0.94 to 1.31 (Table D). The greater 
RNA content corresponded to a more developed 
rough endoplasmic reticulum in the cells grown for 14 
days only. Examination of the phospholipid composi- 
tion showed that lecithin comprised more than 52 
percent whereas phosphatidyl ethanolamine com- 
prised 10 to 15 percent. The sphingomyelin to leci- 











FIGURE 1. Electron micrograph of a section of 
rat aortic smooth muscle cells 14 days in cul- 
ture. At 'ower left (double arrow) is the film 
formed during release of cells from the petri 
dish'; this indicates the deepest layer of the 
cells. Among the cell layers there is amorphous 
material resembling newly formed elastin (el) as 
well as fibrillar material. The cellular cytoplasm 
is partially occupied by myofilaments (m) with 
regions of dense bodies (arrows). In some cells 
plasmalemma! vesicles (Vs) are seen. 
(X39,000, reduced by 34 percent.) 


thin ratio ranged from 0.17 to 0.26. The total choles- 
terol content of the cells was 94 to 126 4g/100 ug 
DNA and about 95 percent was in the form of free 
cholesterol. The synthesis and turnover of the main 
phospholipid, namely, lecithin, was studied with the 
help of three precursors, glycerol, choline and pal- 
mitic acid. With glycerol and choline, the incorpora- 
tion of label into total lipids was linear for 6 hours of 
incubation. The incorporation of palmitic acid in 
total lipids was linear for 4 hours and decreased 
slightly during the subsequent 2 hours owing to a sig- 
nifieant reduction in the concentration of the labeled 
precursor in the medium (Fig. 2). The percent incor- 
poration of labeled choline into lipids was 5 to 10 
times greater than that of glycerol. This difference 
was even more pronounced when the uptake was ex- 
pressed in absolute terms since the concentration of 
glycerol and choline in the medium was 60 and 1,200 
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FIGURE 2. Uptake and incorporation into lipids 

of 14C-choline and *H-glycerol or 3H-choline and 
almitate by rat aortic smooth muscle cells 
Iture. (For details see Methods.) 
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oles/4 ml, respectively. The distribution of the 

bel among the various lipid classes is shown for the 

hour labeling period (Table II), and it did not 

ange appreciably during the subsequent 4 hours. 

can be seen, choline became incorporated mostly 

y lecithin, whereas glycerol was found also in neu- 

ipids. With !^C-palmitic acid as precursor more 

n 80 percent of the label was found in phospholip- 

—b5 percent in lecithin and about 15 percent in 

igomyelin. With glycerol as precursor there was 

beling of sphingomyelin since more than 90 per- 

t of the label recovered in the sphingomyelin spot 
as lost after mild alkaline hydrolysis. 


"The turnover of cellular phospholipids was studied by 
exposing the cells to a 2 hour pulse in the presence of la- 
beled glycerol, choline or palmitic acid and a chase of vari- 
ous time intervals. The flow sheet of two representative ex- 
periments is shown in Table III. It can be seen that the five 

ashes of 3 minutes each in the presence of carrier re- 
moved effectively most of the radioactivity, and that the 
sixth wash contained less than 1 percent of medium radio- 
activity. When the cell layer was removed from the petri 
dish and subjected to TCA precipitation, 22 percent of the 
glycerol and 33 percent of the choline label were recovered 
in the TCA-soluble fraction. After labeling with palmitic 
acid, less than 5 percent of the cellular label was found in 
the TCA-soluble fraction. After 4 hours of chase there was 
a release of label into the chase medium, which was accom- 
_ panied by a decrease. in the TCA-soluble radioactivity in 
^ the cells. At that time interval, the chloroform-soluble label 


Su changed only slightly. After 24 hours of chase there was an 


increase in radioactivity of the chase medium and a further 
reduction in the cellular TCA-soluble label. At that time, 
here was a significant decrease in lipid radioactivity in 
s labeled with either choline or glycerol, but there was 
change i in the lipid radioactivity after labeling with pal- 

ic acid and there was little label.in the chase medium. 

o experiments the chase medium (after labeling with 

nd choline) was subjected to extraction with chlo- 
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TABLE ! 


Composition of Rat Aortic Smooth Muscle: Cells 1 15 to 
in Culture : 





Choe: 
Jesterol/ 
DNA. 

(ug/ug) 


Lipid 
Phosphorus/ 
DNA 
(ug/100 ug) 


Sphingo- 
myelin/ 
Lecithin 

(ug P/ug P) 


Days 
Experi- in 
ment Culture 





0.17 + 0.02 
0.22 
0.24 + 0.01 
0.23 
0.21 
0.26 


| 12.4 4- 0.80 
11.3 0.43 
12.5 +: 0.26 
11.5 
13.8 
10.3 





In experiment I the values are expressed as meani 
error of 6 to 13 determinations; in experiment 11 às; m 
2 of 3 determinations. 10’ — 6 X 107 celis derived from: ti 
or the sixth passage were used for each determination 
average amount of DNA/10* cells was 8:2 ug. n 

P — phosphorous. 


TABLE lf 


Distribution of Labeled Palmitic Acid, Glycerol or he 
Lipids of Cultured Rat Aortic Smooth Muscle Ce 
Hours of Incubation * 








Percent Distribution of Radioactivity 





cursor LL SP+LPE LE PI-+ PS PE 





Palmitic 

acid 5.8 14.3 
Glycerol 4.1 4.1 
Choline 7.1 6.0 


55.3 3.0 5.2 
56.9 3.7 7.4 
86.8 





LE = lecithin; LE — lysolecithinz LPE = = iysophos 
ethanolamine; NL neutral lipid; PE = phosp 2 
amine; Pl — phosphatidyl inositol) PS = 








*H-Glycerol-"C-Choline — 








Pulse 
(2 hours) 


Chase- 





a hours} 


(24 hours) (2 hours) 


(24 hours) hs : 3 





49,000 
4,200 


SA 37 
BOO 26 
| Chase medium 


Seventh wash 


46,000 
3,900 


40 
22 


6,200 
900 


6,000 
900 


50,000 
4,400 


5 
2 


30 
25 


wriin petri dishes were exposed to the 'abeled substrates for 2 hours; the pulse medium was ‘emoved and aft 


aced by chase medium. At the end of the chase period, of either 4 or 24 hours, the chase medium was removed 


e 


ied once more (seventh wash) and the cells were released by trypsinization and pelleted by addition of 10. percen 
cipitate was extracted with 2:1 chloroform: methanol and DNA was determined on the residue. 


bution of ?H-glycerol and !*C-choline among 
ter longer periods of chase (up to 96 hours) is 
les IV and V. Between 24 and 96 hours after 
vith ?H-glycerol, the percent of label recovered 
decreased but that in phosphatidyl ethanolam- 
nc In cells labeled with '4C-choline there was 
a change in the distribution of label with the time of 
ind it resulted in an increase in label in sphingomyel- 
hin. To measure the half-life of cellular leci- 
ie of specific activity of the isolated lecithin 
led with choline and with glycerol was plotted 
ithmic scale. The results (Fig. 3) show that 
a similar linear fall in specific activity with use of 
ecursor. | 


Discussion 


id synthesis: In this study an attempt 
learn about some aspects of lipid syn- 
rtic medial cells in tissue culture. 

ich had been isolated and cultured ac- 
the method of Ross,’ exhibited growth 
nt ologic features similar to those 
! mus ells of the guinea pig? or 


monkey.?? During their stay in the petri dish the cell 
formed a multilayer structure and deposited extra 


cellular material resembling elastin. The lipid com- .. 
position of these cells varied somewhat from their yt 
pregenitors. In the aortas of 3 month old rats the — 


highest lipid phosphorus/DNA ratio was 9 ug/100 
ug*!2: under culture conditions the values obtained 
were higher. There was also a change in the phospho- 
lipid composition, and lecithin comprised more than © 
50 percent of total lipid phosphorus and there was 
less phosphatidyl ethanolamine. These changes are 


apparently the result of adaptation of the cells to cul- 


ture conditions and the reduced phosphatidyl etha- 


nolamine content could be due to a reduced mito- 


chondrial content, but this problem requires further em 
investigation. The sphingomyelin/lecithin ratio in the. — 


cultured cells was lower than that reported for the 


month old whole aorta (0.37) and was more similar to - oo 


that found in the aorta of 1 to 1 1/2 month old rats.2 

The cholesterol content of the cells falls within 
range of that described previously, 0.74 ug/ug D 
for 5 week old aortas and 1.6 3 wee 
old aortas.?? The slight 
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Æ, . L 
24 48 72 96 
Hours after pulse 
FIGURE 3. Fall in specific activity of lecithin of rat aortic smooth 
uscle cells labeled for 2 hours (h) with *H-glycerol and '4C-choline 
“and chased in the presence of carrier glycerol and choline for 96 
hours. (For details see Methods.) 









e diminution of rough endoplasmic reticulum in 
e cells after more prolonged stay in the petri dish. 
Cellular lipid metabolism: The cultured cells 
ave an active lipid metabolism as evidenced by a 
pid uptake of both choline and palmitic acid from 
.medium. The much smaller uptake of glycerol 
vas probably due to the presence of high concentra: 
n of glucose in the culture medium. Bailey et al.?* 
reported that L cells in culture preferentially 
ze glucose for lipid synthesis. The preferential in- 
oration of both palmitic acid and glycerol into 
)hospholipids was reminiscent of that described for 
he intact rat aorta.” As expected, choline became 
:orporated preferentially into lecithin. The finding 
Jabeled lysolecithin after incubation of palmitic 
id, glycerol or choline indicates the presence of a 
ecithinase activity,”° especially since the negligible 
amounts of cholesterol ester found in these cells 
would not support the operation of an active lecithin- 
olesterol acyltransferase. 
-Turnover of membrane phospholipids: A major 
Objective of this investigation was to study the turn- 
"over of membrane phospholipids and to determine 
^ the usefulness of choline labeling for this purpose. 
- The latter point was important in view of the contro- 
„versy as to the presence of the choline exchange reac- 
‘tion in the intact cell?" Thus, Chlapowski and 
-Band?? showed that in Acanthamoeba palestinensis 
-the incorperation of choline into phospholipids oc- 
_curs by means of the exchange reaction and they con- 
cluded that choline cannot be used as a marker for 
‘turnover studies. On the other hand, the studies of 
Plagemann?? with cultured hepatoma cells and those 
Pasternak and Bergeron?? with cultured neoplastic 
ast cells do not support the hypothesis of a choline 
change reaction. The latter authors variously la- 
the phospholipid molecule with glycerol, phos- 





orus, choline and Inositol and found no apprecia: - 





zi (TABLE Wo Lue EIE 
Distribution. of. Label in Lipids of Culture 






for 24 to 96 Hours 














Percent of Radioactivity 


SPE LPE LE PL PS PE 







Pulse Chase | 
(hours) (hours) LL 




















































0 43 45 563 2. K 6.8 
24 28 0 3.38 584 9.9. TT 
48 3.4 3.6 49.8 124 16.7: 
9% 59 4.8 31 BI, 22.1 


MYNNY 





LE = lecithin; LL = lysolecithin; LPE = lysophos 
ethanolamine; NL = neutral lipid; PE = phosphatid, 
amine; PI = phosphatidyl inositol; PS = phosphati 
SP = sphingomyelin. 



































TABLE V 
Distribution of Label in Phospholipids of Cultured 
Smooth Muscle Cells, Pulsed with 'C-Choline Chior ii 
2 Hours and Chased for 24 to 96 Hours 





ercent of adi tivit 
Pulse Chase E ER ? o Re inact LM 





(hours) ^ (hours) LL SP. 
2 0 6.2 6.1 
2 24 6.9 13.4 
2 48 10.5 21.1 
2 96 15.4 36.1 








Abbreviations as in Table IV. 


ble difference in the turnover rate of these diff 
labeled phospholipids. Our finding of the simil 
in half-life of lecithin labeled with glycerol or cholin: 
is in accord with these findings and argue 
the presence of the choline exchange pathw. 
cultured aortic smooth muscle cells. 'The ha 
lecithin in these cells of about 28 to 30 hours was s 
ilar to that reported by Pasternak and Bergero 
cultured mast cells. We were unable to detec 
very rapid turnover of lecithin with a half life of. 
2.5 hours reported by Gallaher et al?! in the baby 
hamster kidney cells even though we used a shoi 
beling period (2 hours) and determined the spe 
activity of purified lecithin at several time interva 
within the initial 6 hours after the pulse. Analysis 
the chase medium indicated that most of the label r 
leased is in the form of water-soluble radioac 
thus, only a small amount of labeled phosph 
appears to be released into the culture mediu 
finding analogous to that of Pasternak and Berge 
on. 30 
Labeled palmitate proved to be an ` unrelia 
marker for the study of turnover of phosphol 
most probably owing to its rapid and extens 
ization. The use of glycerol and choline also pe 
ted study of the metabolism of other phospholi 
such as phosphatidyl ethanolamine and sphingomy 













er to distinguish. between labeled sphingomye- 
n an lysophosphatidyl ethanolamine. Our results 
changes in distribution of glycerol-labeled 
ospholipids after various periods of chase indicate 
iat the half-life of phosphatidyl ethanolamine is 
nger than that of lecithin. The difference is even 
iore pronounced for sphingomyelin, after labeling 
th choline, although one cannot rule out the opera- 
of a transfer reaction of choline between lecithin 
ingomyelin through a cytidine diphosphate- 
ntermediate as suggested by Sinclair.?? 
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e i supplemented | by alkaline hydrolysis ; 


i -smooth muscle cells in culture can serve as a conve- ^. 
-nient model system for the study of lipid metabolism ee: 





snplieatión: iuc sd indicate that the aortic 





of aorta. Thus it will be possible to test whether an- 
increase in celluler cholesterol will result. in an in- 
crease in phospholipid turnover, as was described in ` 
the aortic intima of atherosclerotic rabbits.?? 
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id Metabolism in Perfused Human and. 


ONNALAGEDDA S. M. SARMA, PhD The paper represents a summary of our studies in which in vi 
HARALD TILLMANNS, MD sion of human and animal coronary vessels was carried out 
IHIGEAKI IKEDA, MD and uptake of lipids in perfused human coronary arteries w 

ARPINE GRENIER, MS under a variety of experimental conditions, including exposu 

UG oi eem FACC bon monoxide. The effect of collagenase on lipid synthesis 

d E MER port in carotid arteries of dogs was also studied. Human p 
hydrogen-3-labeled cholesterol and carbon-14-acetate wa 
perfuse human blood vessels. Autologous plasma was emp! 
bition of cholesterol uptake was accomplished by the addition 
tocholesterol (concentrations of 0.05 to 1 um/ml) to the 
Both atherosclerotic and normal human coronary arteries it 
'AC.acetate into lipids but failed to synthesize either cho! 
cholesterol esters. Similar results were obtained in human 
veins perfused at arterial pressure. Cholesterol uptake from 
sion fluid was demonstrated in atherosclerotic and normal hut 
nary arteries as well as in human saphenous veins. Carbo 
increased permeability of the arterial wall to cholesterol uptal 
arteries exposed to collagenase marked increases in. ch: 
take were found, but total lipid synthesis was reduced; t 
synthesis of individual lipids remained unchanged. The addi 
ketocholesterol to the perfusate reduced cholesterol upt 
vessel by 90 percent. Inhibition of cholesterol uptake was pres 
species and was not due to oxidation of cholesterol to 7-ke 
ol in the perfusate. The results illustrate that human coron 
as well as human saphenous veins synthesize lipids but nc 
ol. Cholesterol flux into the artery is augmented by carbo 
and collagenase. The data also show that active inhibition of c 
ol uptake in the arterial wall can be accomplished by competitiv 

bition with 7-ketocholesterol. bor 


Lipid accumulation in the arterial wall is the final link in the c 
events leading to atherosclerosis. The other factors, such as € 
ol synthesis, lipid absorption from the ileum and lipid trà 
plasma, have only indirect bearing on lipid synthesis or uptake 
arterial wall.! This report is concerned with a summary of our s 
on lipid metabolism in perfused arteries and veins mostly 
origin.!-* The first portion deals with the general subject of syni 
of lipids in human coronary arteries and with the uptake of ch 
ol in these vessels under normal conditions and with change ] 
i . fusion pressure. The second part deals with the effect of carbon m 
From past ay Memorial Hospital, Pasa- oxide or collagenase on lipid synthesis and cholesterol uptake. 
, Calif. and the University of Southern Cali- p Ma E: m SF 
; Los. Angeles, Calif. This study was sup- with competitive inhibition of cholesterol uptake by an analog o 
d by grants from the Kenneth and Eileen L. lesterol, 7-ketocholesterol. All experiments were performed i: 
Hoe Leena He Margert ne and Bead vessels perfused in vitro. Human coronary arteries.obtaine 
oover, Jr. Foundation, the Robert E. and Nay sy and human saphenous veins removed at operation we 
vale raed Aa ‘Counci for, To rotid arteries of dogs were used to study the effect of collag 
ddress for reprints: Richard J. Bing, MD, effect of 7-ketocholesterol was investigated in bloc el 


Congress St, Pasadena, Calif. 91105. >= beings, pigs and rabbits. 
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/ alerial and Methods 






i The human material was obtained from autopsies 
up to 5 hours after death. Sterile techniques were used dur- 
ing the preparation: ‘and perfusion. Coronary arteries were 
emoved at autopsy from patients who ranged in age from 2 
to 70 years. Since our published data? reveal no statistical 
differences between normal and atherosclerotic human ar- 
teries, the results obtained from these vessels are com- 
bined. Saphenous veins were taken from patients before 
















































the veins and arteries used in the perfusion experiments 
ranged from 2 to 3 cm. The vessels were dissected free of 
fat.and connective tissue. Perfusion was carried out as pre- 
ously described for a period of 4 hours at 37° C with a 
rfusion pressure of 130/100 mm Hg at a pulsatile rate of 
80.* Veins were perfused at two pressure ranges, one at 45/ 
35 mm Hg, the other at arterial pressure of 130/100 mm 
Hg.” Pressures less than 30 mm Hg could not be obtained 
in our perfusion system. A modified Carrel-Lindbergh 
pump was used in all experiments, as previously de- 


Perfusate: The basic perfusion fluid consisted of sterile 
human plasma collected within 10 days before the experi- 
ment. Purity of 2-carbon-14-sodium acetate ('4C-acetate, 2 
Ci/mole) and cholesterol-1,2-hydrogen-3 (*H-cholesterol, 
55 uCi/mmole). was tested as previously described.?? 3H. 
cholesterol (100 to 200 aCi) was added to about 0.01 ml of 
concentrated lipid extract from human serum. The mixture 
evaporated i in vacuo to a small volume. Final evapora- 
on was carried out under a stream of nitrogen. After addi- 
Lic bout 5 ml of human plasma, the mixture was soni- 
an ice-water bath three times for 1 minute each, at 
als of about 1 minute, using a Biosonik III (20 kilo- 
with a:microtip. The sonicated mixture was then 
ip to. a volume of about 60 ml with plasma and shak- 
n again for 2 hours at 37? C.?3 Cellulose acetate mem- 
brane electrophoresis of the incubated plasma mixture was 
carried out according to the method of Chin and Blanken- 
horn.5 It could be shown that the tritium radioactivity was 
located mainly in the alpha-2 lipoprotein and beta lipopro- 
tein fractions. The incubated mixture was then combined 
th a basic perfusion fluid to which 250 uCi of !^C-acetate 
had been previously added. The total perfusion mixture 
was made up to 250 ml. In every instance the perfusion 
fluid was tested for sterility at the onset and at the termi- 
nation of the experiment. In addition, pieces of arteries 
vere histologically examined. No histologic changes were 
ticed after the period of perfusion.?? 
Biochemical analyses: Lipids were analyzed in the per- 
usion fluid before and after perfusion. Extraction was car- 
rid out according to the method of Folch et al. Analyses 
were carried. out on the whole blood vessel with the excep- 
tion of the adventitia. After the tissue was weighed and fro- 
in in liquid nitrogen, it was crushed in a mortar. The 
ushed tissue was then collected in an Erlenmeyer joint 
flask with the Folch mixture of chloroform-methanol (2:1 
ol/vol) and kept under nitrogen gas for 20 hours at 5? C. 
The mixture was then refluxed for 30 minutes and filtered 
using analytical filter paper. The residue on the filter paper 
ind in the Erlenmeyer flask was refluxed again with the 
olch mixture for 30 minutes.?* 
paration of lipids s was i arcomplishod by means of thin- 





















oe from thin: layer pistas Sith elution sdlvents appropriate for 
es = the corresponding fraction. Recovery of the fraction was 
Hu an coronary land dog carotid arteries were e perioed l 






performing aortic-coronary saphenous grafts. The length of | 


d by Mltrsvilel ee or ee expo- a 
"he ‘separate fractions were plots. . 





tested by counting the radioactivity of the eluate and com- 
paring it with the radioactivity of the residue gel. 7-keto- 
cholesterol gave a distinct spot, detectable by ultraviolet 
light absorption on thin-layer plates. This spot could be de- 
tected and. quantitated as the trimethylsilyl ether deriva- 
tive by gas chromatography on. a 6 foot 3 percent OV-1 
Gas-Chrom Q (100 to 120 mesh) column at 280? C. 

Radioactivity of the extracts was counted in a Tri-Carb 
liquid scintillation spectrometer in the presence of a tolu- 
ene-dioxane scintillator. 

The method of Zak et al.5 was used for determination of 
cholesterol in plasma extract and in the eluate. Phosphorus 
of phospholipids was analyzed according to the technique 
of Lowry et al.? as modified by Wagner et al.!9 

Preparation of perfusate used as control for carbon 
monoxide experiments: Before perfusion, 125 ml of whole 
human blood was placed in an Erlenmeyer flask of 500 ml 
capacity, a gas mixture (20:75:5; oxygen, nitrogen, carbon 
dioxide) was then slowly bubbled until the blood oxyhemo-- 
giobin level rose to almost 100 percent as measured by a 
precalibrated CO-oximeter (Instrumentation Lab. Inc., 
model 182).* In a separate procedure the free cholesterol in 
the lipoprotein fraction of 250 ml plasma was labeled with 
250 «Ci of cholesterol-1,2-?H, as described earlier,? and 500 
p €i of radioactive sodium acetate-2-!4C was also dissolved 
in the fluid. The plasma thus prepared was divided into 
two equal portions of 125 ml and one half was mixed with: 
the oxygenated blood. This mixture then represented the 
perfusate for the control specimen. 

Preparation of perfusate containing carbon monox- 


ide: In the first five experiments, in which high concentra- ^ 
tions of carboxyhemoglobin were maintained, a gas mixture |. 
containing carbon monoxide, carbon dioxide, oxygen and... =) 


nitrogen in the ratios 5:5:20:70 by volume was bubbled : 
through the whole blood until the carboxyhemoglobin level 
rose above 80 percent; this blood was then added to the re- 
maining part of the radioactive plasma to form the perfu- © 
sate for the experimental specimen.‘ For the tests in which 
lower levels of carboxyhemoglobin («15 percent) were 
used, the blood, which usually contained less than 5 per- 
cent carboxyhemoglobin was directly mixed with labeled 
plasma, with no pretreatment. The hemoglobin, carboxy- 
hemoglobin and oxyhemoglobin levels of the final perfu- 
sates were measured before and after the perfusion.* 

During the perfusion, the system is closed to the outer 
atmosphere, and gas mixture can be introduced into the ^ 
system at a controlled pressure to form the local atmo- < 
sphere. This gas mixture is referred to as perfusion gas. In 
control experiments, this consisted of oxygen, nitrogen and 
carbon dioxide in the ratios 20:75:5. In experiments in 
which carbon monoxide was used, the perfusion gas con- 
tained carbon monoxide, carbon dioxide, oxygen and nitro- 
gen in the ratios 0.5:5:20:74.5.4 


After the perfusion the arterial tissue and the perfusate "n 


were analyzed as described earlier. 

Treatment with collagenase: In the work dealing with 
collagenase, two segments of dog common carotid arteries 
(about 2 inches long) were used. One of these was ligated at 
one end; the other end was connected to a stopcock by — 
means of cannula and a rubber tubing. The artery was then 
filled with a 0.2 percent solution of collagenase from Clos- 
tridium histolylicum, (Sigma Chemical Co., St. Louis, Mo.) 
in phosphate buffer (pH 7.4, 0.001 molar) by means of. a sy- 


. ringe and incubated for 10 minutes at 37*. C. At thè end of 
incubation, the: ligated end was cut open and the artery was 
Ue washed several times with Piephate} buffer. 














u ing. dissection and subsequent handling of the atte: : 
care was taken to avoid traumatization of the vessels - 


to prevent extensive damage to the subendothelial 
ctures. by collagenase. 11-The second arterial specimen, 
asa control, was washed a few times to remove the ad- 
nt blood before perfusion. 

fusion was carrieđ out as described earlier. The per- 
fusion fluid, which was identical for both specimens, con- 
isted of a mixture of 125 ml of dog plasma and 125 ml of 
oxygenated blood collected from the same dog and pre- 
served with ethylenediaminetetraacetic acid (EDTA). The 
olesterol in the lipoprotein fraction of each perfusate was 
labeled with 125 „Ci of cholesterol-1,2-?H as described in a 
previous publication and 250 „Ci of radioactive sodium ac- 
etate-2- 14C was also dissolved in the fluid to study lipid 

synthesis. 
After the perfusion the tissue and the perfusate were an- 
alyzed to determine the cholesterol uptake and lipid syn- 

esis. 

- Preparation of perfusate containing 7-ketocholest- 
erol: In the experiments involving competitive inhibition 
of cholesterol uptake by 7-ketocholesterol, a 100 mg sample 

Y. 7-ketocholesterol (Steraloids, Inc., Pawling, N. Y.) was 

issolved in 5 ml of a chloroform: methanol (2:1) mixture 

nd the solution was equally divided into 10 different test 
tubes. Each tube was then placd on a rotovac to quickly 
porate the solvent in order to obtain a fine coating of 7- 
tocholesterol on the inner wall. About 5 ml of plasma was 

n placed in each test tube and sonicated as described 
ier. After the sonication the contents of all the test 

js were pooled and brought to a volume of 125 ml with 

h plasma and incubated in a shaker bath for 2 hours at 
In a separate procedure the free cholesterol in the li- 
otein fraction of 250 ml plasma was labeled with 250 

f cholesterol-1,2-3H as described earlier and, in the ex- 

ents in which lipid synthesis was also studied, 500 

‘i of sodium acetate-2-!4C was also dissolved in the plas- 
ma. One half (125 ml) of this plasma was mixed with plas- 
1a containing 7-ketocholesterol, and the mixture was then 
sed to perfuse one arterial specimen. The other half of the 
adioactive plasma was mixed with 125 ml of fresh plasma 

Yd this mixture was used to perfuse the control specimen. 
‘After the perfusion the perfusates and the arterial tissue 
'were analyzed. 

Histologic examination: Tissue samples for histologic 
‘examination were taken from collagenase-treated and con- 
‘trol arteries before and after perfusion. The specimens 
were fixed in 10 percent buffered formalin and stained with 
:hematoxylin-eosin and alcian blue. 


Results 


: 3 Lipid Synthesis in Coronary Arteries and 
:Saphenous Veins 


<- Although there was considerable incorporation of 
MC radioactivity into phospholipids, free fatty acids, 
-diglycerides and triglycerides, no synthesis of choles- 
terol from !4C.acetate could be demonstrated in 
human coronary arteries (Table I). No incorporation 
f !4C radioactivity into cholesterol esters could be 
Lion Distribution of 14C radioactivity was greater 
triglycerides than in phospholipids (P «0.001).? 
Saphenous veins perfused at a pressure of 45/35 
m Hg were unable to synthesize significant 


mounts of free cholesterol (Table D; small amounts 
cholesterol esters were synthesized. The largest: hes 


imount of Me radioactivity was again foun in rur 


E TABLE L 


incorpératian: of (2-4C) Acetate. into o Lipids of Huma : 
Arteries and Saphenous Veins, às Percent of ac Radio: 
of Total Lipids (means E standard error) 


Coronary 
Arteries 
(no. = 15. 


Free cholesterol 0.3 + 0.2 
Cholesterol esters 1.3 1.0 
Phospholipids 29.4 4- 2.4 
Free fatty acids 8.5 4 1.6 
Diglycerides 5.123- 2.6 
Triglycerides 47.5 + 3.5 
Radioactivity in 15.2 +: 5.51 
total lipids 


* Perfusion pressure. 
f Concentration of (4C) acetate in perfusion fluid: 50 
ml. 


TABLE Il 


Lipid Content and (H) Cholesterol Uptake in Huma 
Arteries and Saphenous Veins (means + standa d 


Coronary ——Mn 
Arteries 45/35 mm Hg* — 130/10 


Tissue lipid 2.5 3- 0.7 0.85 + 0.24 ` Not dete: 
content (no. = 13) (no. = 6) D 
cholesterol 
(umoles/g) 

Tissue lipid 7.5 3: 1.9 0.53 + 0.08 Not 
content (no. — 12) (no. — 6) : 
cholesterol 
ester 
(umoles/g) 

Cholesterol 39.5 4- 11.2 7.5 X 1.1 34. 43: 9 
uptake (no. = 11) (no. = 7) (no. = 9) 
(nmoles/g) z 


* Perfusion pressure. 


glycerides. Incorporation into phosphc p 
greater than that into free fatty acids or digly 
No statistical difference was found between | 
ration of 14C-acetate into any of the lipid fractions 
these veins as compared with incorporation: into co 
nary arteries (Table I). 

Distribution of !4C radioactivity did nol 
saphenous veins perfused at high pressure, 
fused at a pressure of 45/35 mm Hg in perfuse 
nary arteries. The distribution of !4C radioac 
was greatest in triglycerides, followed by phosph 
ids, free fatty acids and diglycerides. The per 
14C radioactivity incorporated into free chole 
was insignificant. There was a slight synthesi: 
lesterol esters from lC-acetate (Table D. 


are. shown in Table Il. The very high li 
ane arteries as compared with saphenous veins i is see! 










































s that c asiderable amounts of 
he perfusion fluid.? The mean uptake was 39.5 + 
mumoles/g of tissue. — 
In contrast to coronary arteries, ‘saphenous v veins 
used at low pressure incorporated considerably 
smaller amounts of. cholesterol from the perfusion 
uid (Table II). Only 7.5 + 1.1 myumoles/g of tissue 
as incorporated. 
aphenous veins perfused at an arterial pressure of 
‘100 mm Hg took up considerable amounts of free 
holesterol from the perfusion fluid (Table II). The 
rage uptake was 34.4 + 9.9 mumoles/g tissue. 
ble II shows that the uptake of 3H-cholesterol in 
henous veins perfused at high pressure was great- 
than in veins perfused at low pressure (P «0.01). 
ually significant was the difference in cholesterol 
take between saphenous veins perfused at low 
essure and coronary arteries (P «0.01). This find- 
ig illustrates that perfusion pressure plays a consid- 
e ble role i in determining the uptake of cholesterol. 


E | ict of Carbon Monoxide 


No ignificant changes in the lipid synthesis (14C 
rporation) was observed in arteries exposed to 

n monoxide (Table IID.* Apparently, cholester- 
ptal e by the arteries is increased to the same ex- 

regardless of the levels of carbon monoxide in 
usate (Tables III and IV). Large variations in 
uptake were found. These differences 















0.80 


choles rol wer taken up by the arteries from 


lesterol Uptake and Lipid Synthesis With and Without Carbon Monoxide 








7” Statistical Analysis o 


Pic Statistical —— l 
Data Compared Parameter ooo PMalue 


Cholesterol uptake by arteries . x-66.2 «0.000(9) — 
(control vs. experiment) Ee Yd 
Cholesterol uptake by arteries t= 2.1. 0.05 (NS) E 
(low concentrations vs. high oe 

concentrations of carbon 

monoxide) 

Lipid synthesis by arteries 

(control vs. experiment) dig Qi 
Cholesterol t= 0.2. 20.05(NS) 
Cholesterol ester t= LIE >0.05(NS) oo 
Phospholipid t= 0.5. >0.05(NS) = 
Free fatty acids t= 0.9. 20.05 (NS) 
Diglyceride t= 0. >0.05(NS) — 
Triglyceride t= 01 »0.08(NS) . 


—Ó—ÀÀ—À——M MÀ— À—M—À——— MÀ—À—M— Haa aA 
NS = not significant; S = significant. B 


could be due to variations in the inner geometry of 


the arterial specimens leading to differences in tur- 


bulent flow patterns that could influence cholesterol 


transport. The values for cholesterol content of indi- ^ 


vidual arterial specimens did not correlate with the i 
values for cholesterol uptake. 


Effect of Collagenase l 
The results of these experiments are shows in 

















i COHb in Chol. Chol. Tissue Chol. Uptake * 

^Age(yr)  Perfusate — Perfusate — Content by Tissue NEN NO Basti tp 
& Sex (95) (umoles/ml) (umoles/g) ^ (nmoles/g) Chol. CE PL FFA DG TG 
.62F 0 1.04 2.57 20.5 1.3 4.1 14.1 7.0 6.1 46.2 
oe 97 0.90 5.35 26.7 0.9 4.2 14.0 4.0 2.6 49.2 
` 61M 0 1.27 29.0 32.1 2.8 1.8 50.6 12.9 5.2 13.9 
dE 97 1.25 25.5 37.6 5.4 2.4 32.1 33.6 1.0 22.5 
69M 0 1.02 36.5 9.4 1.4 4.8 35.0 9.6 19.5 29.4 
: 76.7 10.4 21.1 24.8 3.3 5.4 26.1 12.0 26.1 27.2 
70F 0 1.11 2.64 78.8 6.0 2.6 14.6 11.8 15.5 49.5 
A 89 1.12 23.62 90.9 1.6 2.4 26.5 12.4 21.3 35.9 
*60F- 0 1.29 25.0 105.6 2.5 8.0 31.8 9.3 25.5 23.0 
s 92.4 1.27 63.1 108.7 4.0 4.0 35.4 10.2 36.5 10.0 
“86F 9 0.85 8.5 92.4 9.2 7.9 33.5 9.2 9.4 30.9 
i 26 0.85 3.0 130.8 2.5 0 31.9 14.2 5.6 45.7 
49F Ü 1.03 18.2 38.9 0 0 7.0 0 37.9 56.1 
6.6 1.05 31.4 59.2 0 0 4.6 0 39.2 56.2 
48M 0 0.97 12.8 70.5 5.6 6.0 24.6 3.8 12.8 47.2 
Py 5.8 0.87 5.2 188.4 8.5 2.3 21.4 5.4 15.4 487.1 
0.89 43.3 297.0 31.0 3.0. 17.5 7.3 7.6 33.3 
0.91 3.4 398.0 38.8 3.3 14.4 8.5... $,3 . (29.7 

:0.78 2.4 187.3 0.5 1.2 18.0 0.4- 4 

3.0 138.7 2.3 0 2. 8 COSE 

















Table V. The collagenase-treated arteries took up 
ore than twice the amount of radioactive cholester- 
ol taken up by their controls (P <0.001). No signifi- 
cant differences in the distribution of !^C radioactivi- 
among different lipid fractions could be demon- 
ated between the collagenase-treated arteries and 
' their corresponding controls (P 20.05). However, the 
total 14C radioactivity found in the collagenase-treat- 
ed arteries was significantly lower than in the corre- 
ponding controls (P «0.001), thereby demonstrating 
diminished overall lipid synthesis. 
=> "Typical histologic changes in the arterial wall, oc- 
-curring after incubation with collagenase for 10 min- 
utes, are shown in Figures 1 and 2, using hematoxy- 
lin-eosin and alcian blue stains. In all experiments 
collagenase treatment resulted in flattening of convo- 
lutions of the intima accompanied by a nearly com- 










































FIGURE 1. Arterial wall stained with hematoxylin- 

eosin after incubation with collagenase for 10 min- 
:.';.utes. A nearly complete removal of the endothelial 
:layer and some subendothelial edema can be seen. 
(X1,000, reduced by 28 percent.) 












“FIGURE 2. Arterial wall stained with alcian blue 
alter- incubation with collagenase for 10 minutes. 
The internal elastic lamina is not fragmented, but 
xhibits some- degenerative changes. The inner 
media" shows a slight dissociation of elastic ele- 
ments due to edema. (X 1,000, reduced by 28 per- 
cent.) 








plete removal of endothelial layer and some suber 
dothelial edema. The internal elastic laminae wer 
essentially intact although some focal degenerativ 
changes occurred. The media showed very little in- 
volvement, except for a slight dissociation of elas' 
elements due to edema. No significant alteration 
could be demonstrated in the adventitia. 





Competitive Inhibition of Cholesterol Uptake by 
7-Ketocholesterol Ue 
Results of the previous investigation are presented 
in Table VI. A 7-ketocholesterol concentration of 
um/ml was generally used except in four exp 
(Experiments 9 to 12), in which a concentration o 











Total Chol. in Tissu 


Total Chol. in Perfusate 








(amoles/ml) 


ontok (P <0.001). Apparently there is no signifi- 
cant difference in the extent of inhibition of choles- 
erol uptake between 7-ketocholesterol concentra- 
of 1.0 and 0.1 um/ml in the perfusate. However, 
ibition was reduced at 7- ketocholesterol con- 


cetocholesterol on the synthesis of different lipid 
Ta ions by arterial tissue from '4C-acetate could be 






inalysis of. arterial tissue perfused i in the presence 
stocholesterol revealed a distinct spot on the 










eod by Zak;et al. for spectropho- 
Mpaniiation of cholesterol did not pro- 





_ Perfusate 









7-ketechoi. Content 




















Total "C Radioactivity 
in Tissue (DPM/g X 10%) 








4.9 

43.5 178.8 48.4 
122.7 9.3 1.7 
1167.6 4:3 1.3 

30.0 22.7 4.9. 
46.5 93.1 182.4 
50.5 89.5 44.1 





z= cortrol; Chol. = cholesterol; Col. = collagenase-treated; DPM = disintegrations per minute. 





cholesterol. The free and total cholesterol contents of. ; 
the perfusates before and after the perfusión 4 were | 
found to be unchanged. sn 


Discussion 


In vitro perfusion of arteries as carried out in these : 
experiments has certain advantages and disadvan- 
tages. The disadvantages of the procedure are pri 
marily separation of the tissue from its natural inte: 
nal environment and the possible deterioration 
structure and metabolic function. However, no histo 
logic changes were noticed in the perfused specimen 
and enzyme activity (nicotinamide-adenine dinu 
tide-ICDH and nicotinamide-adenine dinucleotide 
phosphate-ICDH) of the tissue remained at its con 
trol value = 124 0.01 and 2.77 + 006 nmolar/mi 


















Free Chol. ‘Content (um/ml) 


Tissue 


Free Chol. Tissue Content (m/g) Cholestero: Uptake Tissue (nm/g)... 


































= Species (um/ml) C E C E C AE: 
Pig 1.00 0.63 0.73 3.1 3.0 49 
: Pig 1.00 0.43 0.43 3.8 3.8 34 
Pig 1.00 0.43 0.38 3.8 3.8 9. 
Pig 1.00 0.22 0.22 4.6 4.5 76 
Pig 1.00 0.41 0.38 5.4 4.0 288 
Pig 1.00 0.29 0.28 3.6 5.0 12:7 
| Pig 1.00 0.39 0.41 8.5 6.1 18 
ig 1.00 0.34 0.30 4.9 4.7 49: 
0.10 1.06 0.99 5.6 4.5 383. 
0.10 0.40 0.40 4.5 3.9 45 
0.05 0.69 0.68 10.3 6.4 22. 
0.05 0.45 4.7 2.7 32 
1.00 0.19 2.7 3.4 3 
1.00 0.19 3.3 3.4 MC. 
1:00.. 0.75 100.8 52.5. 16 
100. 11.0 4 
i00. s 
















to a certain time after death. A major advantage 
itro perfusion is use of human arteries. There is 
ficient evidence of considerable species differences 
both lipid synthesis and cholesterol uptake in and 
the arterial wall. Such species differences have 
een particularly stressed by Azarnoff,!? who found 
hat coronary arteries and aortas of human beings 
d aortas of dogs, cats and rats cannot incorporate 
"C-labeled acetate into cholesterol in vitro, but that 
* aortas of guinea pigs, rabbits and chickens can ac- 
3 complish this conversion. Arteries from other species 
. (dog) were used to investigate the effect of collage- 
.. nase. In this context, species differences are of no im- 
portance; since !*C-acetate and *H-cholesterol were 
.. used lipid synthesis and uptake could be separately 
.' measured. The in vitro technique permits the elimi- 
‘nation of a series of variables that, in in vivo experi- 
ments, would have made interpretation of the results 
ifficult. 































nthesis and Uptake of Cholesterol in Human 





ur results demonstrate, in agreement with the 
f others, that cholesterol synthesis does not 
place in human coronary arteries.!? Equally, no 
olesterol synthesis was found in human saphenous 
ns.? There was, however, considerable uptake of 
olesterol from the perfusion fluid.? This finding 
confirms the work of others!?-19? demonstrating that 
holesterol in the arterial wall is primarily derived 
_ from the blood. Walton! believes that cholesterol 
- enters the arterial wall bound to low density lipopro- 
teins that serve as its principal transport medium. 
- ^Radioactive-labeled cholesterol has also been used by 
UChobanian and Hollander? and by Rabinowitz et 
,"3 who established the fact that lipids gain en- 
rance into the arterial wall from the blood. Biggs 
and Kritchevsky!? found that when radioactive cho- 
lesterol was administered to patients before death, 
ie labeled compound was found in the aortic wall. 
^ As Table II demonstrates, there was also signifi- 
D dint uptake of free cholesterol by human saphenous 
^ veins. However, 3H-cholesterol uptake was signifi- 
p cantly greater in coronary arteries than in saphenous 
-= veins when the latter were perfused at low perfusion 
“pressure. In vitro studies with poisoned! or boiled”? 
.. aortas have shown that metabolic activity of the ar- 
tery is not required for !4C-cholesterol uptake. 
The role of increased permeability in cholesterol 
+ transfer into the vascular wall has been also docu- 
< mented by Somer and Schwartz? and by Packham et 
al^ who found that areas of Evans blue accumula- 
tion showed an increased uptake of radioiodinated al- 
umin. The data of Somer and Schwartz”? illustrate 
at in areas of intimal damage with histologic evi- 
ence of injury (in subendothelial edema) cholesterol 
uptake i is increased. 
Some investigators are of the opinion that choles- 
rol also can be synthesized by the human arterial 
























Maier and Haimovici!? that the oxidative capacity . intima. For sample, Chobanian®® found that th ar 


dog and rabbit aorta does not change appreciably of 
. into cholesterol, suggesting that local synthesis is 


. potential source of steroid accumulation in the arte 
- al wall. Field and co-workers!4 admitted that in man 


` Newman? and their associates. The biosynthesis 
ity acids i in rabbit aortas was also a shown By 








terial intima can incorporate acetate and mevalor 














a major portion of the cholesterol of the intima is de 

rived from plasma through interchange with plasma, | 
but that a considerable amount of cholesterol 
synthesized in the intima. St. Clair and co-work 
also found that the isolated arterial segments c 
can synthesize squalene and sterols from DL- 
lonate-2-14C. 

Role of hemodynamic factors: Apparently, 
uptake of cholesterol depends in part on hem 
namic conditions. Similar conclusions were rea 
by Werthessen et al.,?? who showed that in calf aort 
the high level of perfusion pressure determines the 
amount of cholesterol accumulated. It is also kn 
that hemodynamic conditions are responsible for 
creased cholesterol uptake in blood vessels exp 
to turbulence. As suggested by Packham et al.,?? 
may be due to an interaction of formed elem 
particularly platelets with endothelium, at po 
disturbed flow. Fry?? has demonstrated an increase 
flux of Evans blue into the intima with increas 
pressure or wall strain or with increased she. 
stress and turbulence. Increased flux of Evans blu 
into the vascular wall appears to parallel augme 
uptake of free cholesterol. Duncan et al.?? ha: 
posed that the circumferential tension acts as : 
determinant of transendothelial transfer of prote 
by widening the endothelial intracellular spaces 
which the transfer can occur. 

The role of hemodynamic factors in changing vas 
cular permeability has been recently reviewed. b 
Gessner?! who compared the influence of pressure, | 
wall shear, turbulence and flow separation. Caro? 
also believed that the uptake by the vascular wall 
dependent on the level of the wall shear, imply 
that the blood to wall interface is the rate-limit 
step in the total transport. Since hypertension. 
increases the shear stress, one might expect mo 
logic and chemical changes in blood vessels ex 
to high blood pressure. This has been demons 
by Wolinsky,?? who showed that calculated wal 
sion was significantly higher in hypertensive al 
and that in the rat, an 8-week period of hypertensio 
was associated with significantly greater dia 
medial thickness and cross-sectional area of the tl 
racic aorta. There was a linear relation betwee tk 
vascular dimensions, the amount of medi: 
and collagen in these vessels on the one hand, an 
calculated wall tension on the other. 

Lipid synthesis: We found, with the excep 
cholesterol, considerable incorporation of +C 
activity into lipids. Distribution of 14C radio 
was greater in triglycerides and phospholij 
synthesis of phospholipids and fatty acids u: 
ous isotopic tracing substances as precursor h. 
been demonstrated by Chernick,** Siperstein* 


































































eat.37 tidie aor i 
exception of man, 








“into the phospholipid fraction of all species exam- 
ined. We have described similar results in human 
: coronary a arteries. 


; fect of Carbon insnoxide, Collagenase and 7- 
K ocholesterol on Lipid Synthesis and Cholesterol 


Carbon monoxide: The data obtained from coro- 
nary arteries perfused with carbon monoxide or after 
treatment with coliagenase throw some light on 
possible mechanisms of increased cholesterol 
ransfer into the arterial wall. Increased uptake of 
"cholesterol by arteries perfused with carbon monox- 
ide is probably the result of tissue hypoxia.* It was 
shown that the presence of carboxyhemoglobin not 
only. decreases the oxygen capacity of the blood, but 
also alters its oxyhemoglobin dissociation curve in 
uch a manner that oxvgen is released to the tissue 
with great difficulty becuase of the tighter binding of 
oxygen to hemoglobin in the presence of carboxy- 
hemoglobin.??4? Carbon monoxide may also directly 
interfere with tissue metabolism because of its high 
affinity to myoglobin.4°4! Myoglobin takes part in 
transfer of oxygen from hemoglobin of blood to 
ue mitochondria and also accomplishes some de- 
‘of oxygen storage.??4? It is therefore likely, as 
rup and co-workers *^-^?7 have demonstrated, that 
bon monoxide acts through hypoxia in increasing 
permeability of the endothelial membrane. There 
are further reports49.49 showing that exposure to car- 
bon monoxide leads to an increase in permeability. 
auli et al.48 found that transvascular protein flux 
during carbon monoxide exposure leads to an in- 
crease in the disappearance rate from blood of albu- 
min iodine-131. Therefore, the increased uptake of 
cholesterol during exposure to carbon monoxide is 
probably due to increased permeability of the arterial 
endothelial layer as a result of hypoxia. This hypoth- 
esis implies that biochemical factors controlling the 
permeability of the arterial wall may be altered by 
he presence of carbon monoxide. 
- In contrast to pretreatment with collagenase, expo- 
re to carbon monoxide appears to have no influ- 
ence on lipid synthesis in the arterial wall. Whereat?? 
postule ted that hypoxia causes an increase in tissue 
. myocardial NADH to NAD ratio, which results in an 
increased vascular mitochondrial fatty acid synthesis. 
obertson®! working with atherosclerotic rabbit 
a observed that synthesis of fatty acids was di- 
hed during hypoxia. He found that the total 
)un t of "C-acetate incorporated in the lipids did 
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Collagenase: The effect of. collagenase i is in some _ 
ways similar to that of carbon monoxide. Pretreat- ; 
ment with this enzyme leads to a significant increase 
in the uptake of radioactive cholesterol. In contrast 
to carbon monoxide, however, pretreatment with col- 
lagenase significantly reduces total !*C radioactivity: 
in the arterial wall, demonstrating diminished overall 
lipid synthesis. Despite this significant diminution in 
lipid synthesis, no differences in the distribution of. 
^C radioactivity among different lipid fractions was 
observed. These results indicate that lipid synthesis ` 
must be predominantly located in the endothelium or - 
the adjoining intima, since severe damage to those 
structures is histologically noticeable. This damage to. 
the endothelial layers or to subendothelial edema 
probably removed the barrier to cholesterol move- 
ments into the vessel. A 

Klynstra?? has also demonstrated iücreased: per- 
meability to India ink particles after treatment with 
mucolytic and proteolytic enzymes. His experiments 
included pretreatment with collagenase; a marked in- 
crease in acid mucopolysaccharides released from the 
inner layers of the pig aorta after treatment with var- ^. 
ious proteolytic and mucolytic enzyme solutions was __ 
also found. Analysis of the intima after treatment : 
with the enzymes showed that at least 85 percent of —. 
the intimal acid mucopolysaccharides had been 
moved. ; 

7-Ketocholesterol: The data presented in Tal 
VI, which reveal an inhibitory effect of 7-ketoch 
terol on cholesterol uptake of arteries add a furthe 
dimension to the understanding of cholesterol trans 
port mechanisms into the arterial wall. The effect o 
this cholesterol analog suggests that 7-ketocholester- 

ol has comparatively a high affinity for a large num-. 
ber of binding sites. The possibility must also be con- ~ 
sidered that 7-ketocholesterol competes for. active © 
transport mechanisms in the arterial wall, such as 
that furnished through pinocytosis. This is in line... 
with the finding of Cantfort?? that 7-ketocholesterol .. 
strongly inhibits the activity of the enzyme choles- 
terol-7a- hydroxylase i in vitro. As the concentration of 
7-ketocholesterol increases from 0.1 to 1.0 um/ml .. 
there is no corresponding increase in inhibition to 
cholesterol uptake, indicating a saturation effect . ; 
(Table VI). Brown and Goldstein5t and Kandutsch __ 
and Chen*? discovered in tissue cultures of human fi- — 
broblasts that 7-ketocholesterol inhibited the activity | 
of 3-hydroxy-3-methylglutaryl coenzyme A reductase 
(HMG-CoA Reductase), which is the rate-limiting — 
enzyme cholesterol biosynthesis. Whether a similar: 
mechanism underlies our findings remains to be de- 
termined. 
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| POSTERIOR. WALL VELOCITY 


In thei a cent paper Ludbrook et al. consistently failed to 
correct for preload in their analysis of posterior wall veloci- 
ties. Such an error may result in unwarranted conclusions 
‘concerning the reliability of posterior wall velocity as an 
index of left ventricular function. 
troke volume (SV), circumferential fiber shortening ve- 
ty (Vcr) and posterior wall velocity are all affected by 
the preload, afterload and contractile state of the left ven- 
: tricle.?3 A correction for preload i in terms of end-diastolic 
volume (EDV) is implicit in the very definition of ejection 
fraction: SV/EDV. A similar correction is implicit for Vor 
when expressed in circumferences per second since the ab- 
solute circumferential shortening velocity is divided by the 
end-diastolic circumference. No such correction for preload 
ds made for posterior wall velocity, which is simply ex- 
| centimeters per second. 
common practice to correct absolute Vcr for end- 
ircumference.*-913 Posterior wall velocity should 
similarly corrected, but this is rarely done.9-13 Perhaps 
ators hesitate to express posterior wall velocity i in 
the cumbersome units such a correction would require: 
cm/sec per circumference. 
‘To compare an uncorrected posterior wall velocity with a 
rected Vcr or ejection fraction, as Ludbrook et al. have 
done, is clearly hazardous. It might be assumed that the 
diseased patients in their series had, on the average, larger 
ormal hearts. Therefore, if the absolute values of en- 
rdial posterior wall velocity had been corrected for 
diastolic: circumference, they would have been dis- 
ed downward in relation to the normal value for endo- 
posterior wall velocity given in Figures 3 and 4 of 














































Ve badlecardial posterior wall velocity with the other in- 
dexes of left ventricular function. 

Th potential problems ef using any single dimensional 
p rameter to evaluate left ventricular function in coronary 
“artery disease are obvious. Others!4 have already stressed 
the difficulties: in evaluating epicardial posterior wall 
. echoes. Nevertheless, the data of Ludbrook et al., as ana- 
lyzed, do not demonstrate that endocardial posterior wall 
velocity i js any less reliable than the other indexes mea- 
“sured. í ‘omparable correction for preload is necessary be- 
fore such a conclusion is warranted. 


Edward W. Bough, MD 

Cardiac Unit 

Massachusetts General Hospital 
Boston, Massachusetts 
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REPLY 


Since we have had considerable previous experience in the 
use of normalized internal left ventricular shortening veloc- 
ities,'-? we tested the hypothesis that endocardial posterior 
wall velocity, normalized for end-diastolic circumference, 
might prove a better measure of left ventricular perfor- 
mance than absolute values for posterior wall velocity. Un- 
fortunately, this was not the case, and so the data were not 
included in the original manuscript. For example, mean 
posterior wall velocity, normalized for end-diastolic: cir- .' 
cumference, correlated poorly with cine ejection fraction (r 
= 0.38), cine mean circumferential fiber shortening velocity 
(Vcr) (r = 0.37), and the ratio of preejection period to left 
ventricular ejection time (PEP/LVET) (r = 


or wall velocity were 0.26, 0.47 and —0.35.5 Similar data _ 
were obtained when maximal endocardial posterior wall ve-: . 
locity was considered. As might be expected from these 
data, mean values for normalized posterior wall velocity: ' 
provided no better separation of patients with normal left. | 
ventricular function from those with reduced performance 
than did absolute values for posterior wall velocity. There- 
fore, we reemphasize that calculation of posterior wall ve- ^. 
locity, whether obtained as a mean or maximum, is an un- 
reliable index of total left ventricular performance in pa- 
tients with ischemic heart disease and conclude further 
that consideration of normalized endocardial posterior wall 
velocity does not alter this assessment. 


Philip Ludbrook, MD 

Joel S. Karliner, MD, FACC 

Kirk L. Peterson, MD 

George R. Leopold, MD 

Robert A. O'Rourke, MD, FACC 
University of California, San Diego 
San Diego, California 
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aaa SWAN-GANZ CATHETER 
Swan-Ganz balloon-tipped floating catheter has 
a valuable tool in the hemodynamic assessment of 
its with acute. myocardial infarction. The few re- 
ted complications include ventricular arrhythmias,'? 
thrombus formation,'? balloon rupture, ? perforation of 
the pulmonary artery,-5 intracardiac knotting of the cath- 
er? disruption of the intraluminal septum of the catheter 
' pressure injection of contrast medium’ and pulmonary 
infarction.? Swan and Ganz note a 15 percent incidence of 
. premature beats with passage of the double lumen cathe- 
“ter, but have not encountered “serious sustained arrhyth- 
_ mias." +2 Nevertheless, they recommend having a defibril- 
for at the bedside during passage of the catheter. The 
desirability of this practice is evident from the following re- 
port of a case of ventricular fibrillation induced by passage 
of a Swan-Ganz catheter. 


< Case report: A 57 year old woman with a known history 
of epilepsy and essential hypertension was hospitalized be- 
cause of the acute onset of retrosternal pain typical of myo- 
cardial infarction. An anteroseptal myocardial infarction 
as subsequently proved by typical electrocardiographic 
olution and an increase in serum enzymes. Her course 
‘complicated by multifocal ventricular premature con- 
ctions, controlled with infusions of lidocaine, and by re- 
rent myocardial ischemic pain, associated with marked 
crease in blood pressure unresponsive to sedation or in- 
renously administered morphine. Initially a 300 mg 
ipid bolus injection of diazoxide was administered, and 

"blood pressure decreased from 210/140 to 130/90 mm 
ig. Four hours later the same dose decreased the blood 

ssure from 170/122 to 78/52 mm Hg. When hypotension 
rsisted for 4 hours despite volume expansion, it was not 
lear whether it was the result of sustained drug effect or 
ft ventricular dysfunction due to infarct extension. A 
Swan-Ganz 7F double lumen catheter was inserted in order 
to measure left atrial pressure and guide management. The 
balloon was inflated to a volume of 1 ml. During passage of 
the catheter through the right ventricle, while the patient 
as receiving an infusion of lidocaine, 2 mg/min, a few ven- 
icular premature contractions occurred; then sudden ven- 
ricular fibrillation developed. Oscilloscopic monitoring 
with no electrocardiographic write-out was being used, so 
that the exact mode of onset of ventricular fibrillation is 
not known. She was resuscitated promptly with one shock, 
nd subsequent passage of the catheter to the pulmonary 
artery was uneventful. Pressures (mm Hg) recorded were: 
right atrial 6, pulmonary arterial 28/10 and mean pulmo- 
nary arterial wedge 18. Digoxin, 0.50 mg, was given intrave- 
nously and 4 hours later the pulmonary arterial wedge 
pressure was 12.5 mm Hg and blood pressure was stable at 
10/70 mm Hg. Recovery was uneventful. 


The risk of ventricular ectopic beats and sustained ar- 
'rhythmias from the installation of a temporary pacing elec- 
trode in patients with acute myocardial infarction is well 
recognized. Dr. Swan? is not aware of a single report of the 
induction of ventricular fibrillation in roughly 150,000 to 
.950,000 passages of the balloon-tipped catheter in patients 
with myocardial infarction. Induction of ventricular fibril- 
ation is clearly rare. Although the balloon-tipped catheter 

unlikely to impinge on the iricuspid valve or the right 
ventricular endocardium with any force, the induction of 
tricular premature contractions has been observed in 15 
int of cases.L? The occasional progression to sustained 

ythmias should not be unexpected in an acutely isch- 
































































LAR FIBRILLATION DUE TO PASSAGE OF A | 


‘A loud audio signal allows an immediate awareness of 









emic myocardium; a single ventricular premature cont 
tion exhibiting the R on T phenomenon could be sufficient 
to initiate the arrhythmia. Say art quo 
Our current practice is to monitor the patient electro 
diographically when introducing the Swan-Ganz catheter. 






























topic beats by the operator who cannot constantly wi 
the oscilloscope. A syringe of lidocaine is prepared and 
defibrillator is in readiness at the bedside. These me: 
may be expected to further reduce the low risk associated 
with passage of the Swan-Ganz balloon-tipped floati 
catheter. 5 





John A. Cairns, MD; FRC 
Douglas Holder, MD ^. 
Division of Cardiology 
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MULTIPLE CORONARY ARTERIOSYSTEMIC FISTU 


A unique case of multiple coronary arteriosystemic fis 
involving all three major coronary arteries recentl 
ported by Reddy et al.! was well presented. Angina pecto 
does not occur as commonly in coronary arterial fistul 
is expected, although blood is shunted away from the my: 
cardium. Daniel et al? in their excellent review of 150 re 
ported cases of coronary arterial fistula found only 
tients who presented with angina or chest pai ‘ 
tient described by Reddy et al.! had calcification 
main left, proximal left anterior descending and | 
cumflex coronary arteries. In the presence of such 
tion, it is difficult to attribute the symptoms of. 
this patient solely to coronary arterial fistulas. s 
We had the opportunity to perform cardiac ca 
tion on three women aged 62, 47 and 42 years, respect: 
who were referred to us for evaluation of disabling 
of recent origin. The coronary arteries were patent 
of any atherosclerotic irregularities in all these pati 
coincidental finding was the presence of a coronary arte 
venous fistula, between the left anterior descen 
and left atrium in one patient and between the | 
descending and the main pulmonary artery in th 
two patients. It was postulated that their angina wa 
“coronary steal" caused by coronary arteriovenot 
The alleviation of symptoms of chest pain in two 
who underwent ligation of the fistula supported 
sumption.? OG 
With the advent of coronary arteriography, ad: 
cases of coronary arterial fistula are being re 
which no murmur is heard clinically; in twoofou 
murmur suggesting coronary arterial fistula was hear 
































































the absence of the vios ‘in ah: patients i is not nowa 
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ur experience includes four other patients with a single 
fistula to the right heart, none of whom had murmurs or 
symptoms i of angina pectoris. I agree that such fistulas are 
robably more. common than appreciated in the past. I do 
agree with the statement, “In the presence of such cal- 
cation, it is difficult to attribute the symptoms of angina 
thi patient solely to coronary arterial fistulas.” This is 
orrect; coronary arterial calcification does not cause an- 
in pectoris but is usually associated with arteriosclerotic 
isease. It should be pointed out that coronary arteri- 
lcification may occur in patients without occlusive or 
notic coronary artery disease or symptoms suggesting 
ina pectoris.’ Such calcification, when present in pa- 
ents with arteriosclerotic heart disease, is related to the 
age of the patient. In our experience, the frequency of coro- 
nary arterial calcification in patients over 60 years of age is 
peer than 40 percent. 


Robert |. Hamby, MD, FACC 
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New Hyde Park, New York 
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NATURAL HISTORY OF ANGINA PECTORIS 


The article by Reeves and associates? on the “Natural His- 
ry of Angina Pectoris” has correctly underscored the 
‘need to identify subgroups at various degrees of risk if 
eaningful comparisons are to be made between medically 
nd surgically treated patients. However, such identifica- 
ion is only a preliminary step toward that goal for, regard- 
ess of the refinements of classification, the final results 
will be influenced by the quality of medical or surgical care 
ailable to the patient. 

: What is meant by the “natural history of angina pecto- 
;"? Is it the course of the disease when left untreated? Is 
e course. of the disease. when managed by a variety of 


* 


b iv verse menia as was the case with the mate- 















; "ment i in eas nt of progn id Ps angina. pectoris is to as- 


. crease the annual death rate of patiente with angina due to: i 


‘sume without warrant that medical therapy exerts no sig- 
nificant influence on the outcome of this clinical syndrome. . 
It seems essential, therefore, that the prognosis be clearly ^ 
defined in relation to the kind of medical regimen that has 
been prescribed. Thus, one must conclude that Reeves et. 


al., in analyzing the results of studies by a number of inde- - is 


pendent investigators, have shed light on the natural histo- - 
ry of the disease under “casual” but certainly not ' “opti: 
mal” medical management. 

Our own observations indicate that almost half of the pa- : 
tients now being referred for bypass surgery have had little 
more than the routine prescription for nitroglycerin and : 
the advice to "take it easy." Despite such widespread inept 
management, reports continue to appear of large groups of- 
patients who have undergone surgery because they were al-: 
legedly unresponsive to “optimal” medical care. _ 

In a 5 year prospective study of 133 patients with severe 
and refractory forms of angina pectoris, the institution of a 
comprehensive medical program in conjunction with the 
combined use of propranolol and isosorbide dinitrate has 
been associated with marked symptomatic improvement 
and an annual mortality rate of only 4 percent? When 
these patients were classified as "good" or “poor” risks on 
the basis of such criteria as cardiomegaly, congestive heart 
failure, recurrent infarction and gallop rhythm, the annual. 
attrition rate was only 1.2 percent in the “good” risk group: 
but a staggering 25 percent in the “poor” risk group. It 
therefore appears that the use of very simple and noninva- 


sive measurements can separate persons with severe angina E 


and at high risk of death from those with severe angina and 
at low risk of death. as 
In the final analysis, valid judgment of the proper course S 

to pursue in the individual patient can be made only when ©» 
the risks attending prudent medical therapy have been 
weighed against the hazards of surgery at the institution 
where it would be performed. 

Henry I. Russek, MD, FACC 

New York Medical College 

New York, New York 
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REPLY 


Dr. Russek's questions and observations are both aaar 
ing and provocative. The answer to his question, What is 
the natural history of a disease? is that there is no single or- 
simple definition. In our report,! as in most of the major 


studies? quoted in our review, the term refers to the . 


course of a disease as it is customarily treated in a commu: - 
nity, but without surgical intervention. In the strictest 
sense, it would be the course of a disease unmodified by 
treatment; but to our knowledge there is no satisfactory ev- 
idence that any treatment, including surgery, will favorably 
alter the course of angina pectoris with respect to mortality | 
or myocardial infarction. Specifically, we are not aware of 


any substantial controlled trials indicating that propranol- . . 


ol either alone or in ‘combination with vasodilators will de- 














































ratë in certain types of patients: Russek’s recent re- 
i$ indicates, as have those of other investigators,”*° 
is possible from noninvasive measurements to iden- 
ogroups of patients with coronary disease with wide- 
ring prognoses. But his data do not convince us that 
has adequately demonstrated that the combination of 
'opranolol and isosorbide dinitrate either prolongs the life 
prevents myocardial infarction in patients so treated. A 
review of Russek’s report® reveals these relevant facts: 

1. The patients were strongly preselected in that they 
ere all required to have classic angina pectoris of at least 1 
year's duration. This factor alone eliminated certain high- 
sk groups of patients, including many with unstable angi- 
a, from his series. 

“Only 23 percent of the patients were studied by coro- 
rteriography, thereby making it impossible to com- 
iis experience accurately with other more recent in- 





























3. There were no control patients in his study. 
.' 4. The gross mortality of the entire cohort was approxi- 
mately 4 percent, almost identical to that reported by 
White et al? in their studies beginning in the 1920's and 
hat of the most recent Framingham community study. 
These observations leave us unable to share Russek's 
iclusion that his treatment has materially influenced the 
ourse of the disease, although we agree that his observa- 
ns are encouraging and should be extended. We share 
high opinion of this combination of drugs in symptom- 
tic management of patients with angina pectoris; our own 
nagement programs for our personal patients are essen- 
ially identical to that outlined in his report. However, we 
ave learned that many patients will not tolerate this pro- 
am, including those with bronchial asthma, some with in- 
ipient heart failure, certain patients with severe endoge- 
ous depression, and others who respond to propranolol 
with severe muscle stiffness and pain. Still others have 
'atrioventricular or intraventricular conduction disturbances 
that have been considered by some as contraindications to 
these drugs. 
Russek's point that there is much hypocrisy in the state- 
| ment often made (but not by us) that the patients referred 
or surgery were refractory to medical treatment is well 
aken and one with which we heartily agree; if only those 
tients. who were truly refractory to medical management 
re referred for surgery, the number of patients operated 
for this disease would decrease dramatically. 
Finally, we hope that Russek, or others stimulated by his 
eport, will carry out adequately controlled trials to assay 
properly the influence of the form of medical management 
‘he has used on the natural history of this disease. We do 
ot believe there are as yet sufficient data on its efficacy to 
‘pose a moral dilemma in the design of such a trial. 
: T. Joseph Reeves, MD 
Albert Oberman, MD 
William B. Jones, MD 
L. Thomas Sheffield, MD, FACC 
University of Alabama School 
of Medicine 
Birmingham, Alabama 































































































onary occlusive disease or, indeed, not accelerate the 


2. Richards DW, Bland EF, White PD: A completed twenty-five-year follo 






References IW x A 
1. Reeves TJ, Oberman A, Jones WB, et al: Natural history of angina pex 
Cardiol 33:423-430, 1974 es i 





456 patients with angina pectoris. J Chron Dis 4:423-433, 1956 . : 
3. Block WJ.Jr, Crumpacker EL, Dry TJ, et al: Prognosis of angina pectoris. 
tions in 6,882 cases. JAMA 150:259-264, 1952 . Mu xis 
4. Kannel WB, Foeinieib M: Natural history of angina pectoris in the Framingha: 
Prognosis and survival. Am J Cardiol 29:154-163, 1972 © o0) IG 
5. Weinblatt E, Frank CW, Shapiro S, et al: Prognostic factors in angina pec! 
prospective study. J Chron Dis 21:231-245, 1968 : 
6. Russek Hi: The "natural" history of severe angina. pectoris with intensiv 
therapy alone: à five year prospective study of 133 patients. Chest 65:46-51, 






EXTERNAL COUNTERPULSATION AND | 
AORTIC BALLOON PUMPING 


In their carefully documented study on sequenced exte 
counterpulsation versus intraaortic balloon pum 
cardiogenic shock, Cohen et al.! help to perpetuate 
conception. They state than in external counterpulsé 
according to their method, “at the start of the QRS « 
plex, all pressure is simultaneously evacuated from 
limb cuffs so that the heart pumps against a reduced 
sure in the aorta." Similar claims are usually made 
ports on intraaortic balloon pumping. ; d 

However, it is evident that neither of these technique 
should cause a reduction of systolic central aortic prese 
and, thus, of left ventricular afterload. At most, deflation o 
the external cuffs or the intraaortic balloon allows the 
tral systolic aortic pressure to return to its original le 
fore the start of mechanical assistance. It can bes 
Figure 7 of Cohen et al.! (human experiment 3) tt 
systolic area of the aortic pressure did not change ap 
bly with external counterpulsation, whereas in Fig 
(canine experiment 5) the systolic area increased wi 
traaortic balloon pumping. Thus, the help affor 
these two techniques seems to be effected almost solely 
a diastolic increase in central aortic pressure and its ben 
cial effect on coronary arterial and collateral flow and 
the case of external counterpulsation, possibly by an add 
tional augmentation of venous return. VEG 

The original counterpulsation device of Clauss et 
produce a reduction in afterload by actually aspirati 
tic blood during cardiac systole. Similarly, in the ex 
assist technique described by Birtwell et al.,° systol 
tral aortic pressure is also decreased because the ext 
al pressure of the apparatus changes phasically froi 
tive to negative. M 









Dennis V. Cokkinos, 
Division of Cardiolo; 


Corinth, Greece 
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: Sodium. ‘nitroprusside: a review of its clinical 
:effectiveness as a hypotensive agent. Tuzel IH. 
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George Lyman Duff Memorial Lecture. 
Atherosclerosis complicating chronic 
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effectiveness as a hypotensive agent. Tuzel IH. 
J Clin Pharmacol 14/10):494-503, Oct 74 (45 ref.) 
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ref.) 


MYOCARDIAL DEPRESSANTS 


The clinical pharmacology of lidocaine as an 
antiarrhythymic drug. Collinsworth KA, et al. 
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MYOCARDIAL INFARCT 


Coronary thrombosis in myocardial infarction. 
Report of a workshop on the role of coronary 
thrombosis in the pathogenesis of acute 
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Am J Cardiol 34(7):523-33, Dec 74 (42 ref.) 
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Surgical anatomy of the great arteries of the thorax. 
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RHEUMATIC HEART DISEASE 


Natural history of rheumatic heart disease in 
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SHOCK > 
The heart in shock. Hackel DB, et al. Cire Res 
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Acquired immunologic deficiencies after trauma and 
surgical procedures. Howard RJ, et al. 
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BOOK REVIEWS 


THE HEART, ARTERIES AND VEINS, third edition, edited by 

. Willis Hurst with the collaboration of R. Bruce Logue, 
Robert C. Schlant and Annette Kass Wenger. New York, 
McGraw-Hill, 1974, 1,731 pages, $41.00 
ppraisal of the third edition of The Heart, Arteries and 
eins can be approached from two points of view: first, cur- 
nt need for such a book and, second, the inherent quality 
X the work. On both counts, all of us must be grateful to 
the editors and authors, since without the third edition 
there would be no comparable, contemporary general text- 
book of cardiology in any language. This is not to say that 
no texts of similar scope have been published in the rela- 
tively recent past, but none has the prospect of being re- 
“vised and of giving us the security that stems from an ongo- 
_ ing effort to keep a book of superb quality up to date. The 
value and success of such a volume are not assured merely 
|. pecause of the considerable effort and dedication of the ed- 

» jtors; this work does succeed, and admirably so. Exception- 
al textbooks, like fine wines, may require years of mellow- 
ing and cultivation to reach their prime. The care that went 
into the first edition of The Heart set the stage for subse- 
quent revisions and polish that have made the third edition 
the best yet. 
< Whether a book of great breadth is written by a single 
author or represents the edited efforts of many contribu- 
tors, there are bound to be sections that are handled with 
greater or less success than others and that meet with vary- 
|^ ing degrees of general approval. This is not a sacred text, 
- accepted without critical appraisal. The very nature of a 
book that attempts to embrace such a vast body of cardio- 
. vascular information and remain current invites spirited 
.. discussion since it deals with topics too recent to be re- 
~~ solved, not remote enough to be free from flux. 

To review critically this book requires definition of its 

: purpose. Suppose that such a text did not exist and we had 
recourse only to primary sources—the vacuum would be 
apparent. Suppose we.were conveniently guided to primary 
‘sources by bibliographies arranged within the framework of 
comprehensive chapter topics with relatively little com- 
mentary. This would be a. step forward but would still leave 
us unfulfilled. T'here is no substitute for the convenience of 
a cardiovascular textbook whose format provides needed 






























































'SCALENUS ANTICUS SYNDROME = THROMBOPHLEBITIS - 


First rib resection for neurovascular syndromes of . 


general perspective; that at once is thorough, readable and... 
sophisticated; that has a carefully selected bibliography di- : 


Current. concepts. Relation between ‘deep. ‘vein’: 
thrombosis and pulmonary embolism in surgical. - 


| patients. Le Quesne LP. N Engl J Med 
291(24):1292-4, 12 Dec 74 (29 ref.) e rae 
THROMBOSIS 


The prevention of thrombosis, Bove LG. Bede 
J Maine Med Assoc 65(10):233-5, Oct 74 (27 ref.) 


VASCULAR DISEASES 


Application of new techniques in blood flow ^ 
measurement in patients with peripheral vaseular 
problems. Yao JS, et al. Surg Annu 5(0):363-91, 
1974 (162 ref.) c 


recting the reader to the best of primary sources; 
is well indexed for ready reference. The third edition 
The Heart fulfills these purposes. The contents are we 
ganized and comprehensive. The editors have set 
standards for the contributing authors and have su 
in relating the chapters harmoniously so that the boo 
unity and consistency. The references benefit fron 
isks in the margins that quickly and conveniently 
reader’s attention to review articles with sizable b 
phies. The figures are carefully and clearly reprodu 
consistently of adequate size. The color reproduc 
a further dimension. The index, a monumental tas 
own right, has improved from an admittedly shak 
the first edition to an excellent index in the third. — 
The chapters in this edition have been updated and su 
plemented by several additions. Important new chapte 
include material on the problem-oriented approac! 
cardiovascular system; exercise electrocardiography 
exercise testing of cardiac function; radioisotopic 
tion of the heart and great vessels; noninvasiv 
methods, with an emphasis on echocardiograph: 
nary function in heart disease; cardioversion and 
ers in the management of arrhythmias; and surg 
ment of coronary atherosclerotic heart disease. 
the revisions have added only 150 pages to the te 
permitting retention of a single volume format and: 
viding the reader with a lighter, handier, less bulky 
through the use of thinner paper without compromisi 
quality of printing. DX 
As an up to date and ongoing general textbook 
vascular medicine, The Heart has no equal. This vol 
will be useful to all who have need for convenient, reli 
reference to cardiac and vascular diseases. 


Joseph K. Perloff, ! 


Philadelphia, Pennsylv 
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THE SURGICAL TREATMENT OF ACUTE M 
ISCHEMIA, by Lawrence H. Cohn, MD. Mount Ki 
Futura Publishing, 1973, 172 pages, $16.50. 

Perhaps the most controversial aspect of coronary 
reconstructive surgery is its application in the th 
acute myocardial ischemia. Theoretically, restorat 













ions are more promising may yet be 
Dr. Cohn has presented an organized discussion of isch- 
mic myocardial disease and his experience in attempting 

4 iorate it. An appropriately large section of this 
ograph is devoted to the pathophysiology of myocar- 
ichemia; lactate production, altered catecholamine 
olism and potassium kinetics are discussed. Morpho- 
ogic evidence for an "intermediate" zone of ischemia 
ich may or may not remain viable is reviewed. The vol- 
e describes the physiologic effects of ischemia on ven- 
cular wall motion and cellateral circulation and cites re- 
ent studies of pharmacolcgic efforts to reduce infarct size. 
particular techniques used at Peter Bent Brigham 
lospital in pre-, intra- and postoperative care are outlined, 
and the experience of the author and others with surgical 
and medical treatment of preinfarction angina is described. 
interesting portion of the book is related to surgery in 
undergoing acute myocardial infarction. The use 
nical assist devices in addition to pharmacologic 
ventions in attempting to maintain myocardial viabili- 
y in these critically ill patients is elaborated upon. The 
bility to effect reperfusion has made the outlook for pa- 
ís with left. ventricular pump failure seem somewhat 
hopeful. 
his monograph succinctly integrates the many disci- 
lary approaches to one of medicine's most difficult 
ems. The solution is yet to come. 

5 Arthur C. Weisenseel, MD, FACC 

New York, New York 

















































FEEDBACK: BEHAVIORAL MEDICINE, edited by Lee 
MD. New York and London, Grune & Stratton, 1973, 


erm "feedback" was coined and defined by the math- 
cian Norbert Weiner as “a method of controlling the 
y reinserting into it the results of the past perfor- 
| iofeedback is the special case of a biological sys- 
in which the feedback is artificial, mediated by man- 
etection, amplification and display instruments 
han present as an inborn feedback loop inherent in 
€ biological system. 

is book is a succinct presentation of the current status 
asic and clinical research cn biofeedback in the United 
States. Within its four sections (Introduction and Scientific 
w; Clinical Applications; the State of the Art; and 
lusion) there are 13 chapters, each written by authori- 
in their respective fields. The introductory chapters 
cuss the basic physiologic and psychologic principles 
inde biofeedback. There are detailed discussions of 
the clinical conditions in which biofeedback has been used: 


















, hypertension (Schwartz and Sha- 
an). Preliminary studies of pa- 


















This volume represents a statement of the art of the psy- 
chologic and physiologie principles of biofeedback and its 
elinical use in a variety-of disease states in the United i 
States. In view of the probability that biofeedback repre- 
sents a major new frontier in clinical medicine and psychia- 
try, this volume is welcome, particularly because of the sen: 
sationalism, excessive enthusiasm and furor therapeuticus . 
with which it has been associated. The reflections on bio- 
feedback and modern behavioral science by Lynch beauti- 
fully review the psychologic and philosophic evolution of 
current behavioral science research in general and biofeed-.. © 
back in particular. The book was edited by Lee Birk, who 
also contributed a general introductory chapter and a fine _ = 
clinician's overview in addition to a succinct and illuminat- > 
ing preface to each chapter. D E 
Rober: C. Schlant, MD, FACC. o 
Atlanta, Georgia LE oei, 





SYSTEMIC ARTERIAL HYPERTENSION, by Milton Men- M 
diowitz, MD. Springfield, Ni., Charles C Thomas, 1974, 208 — 
pages, $12.75 


This book is essentially a compilation of the author’s many. 
experiments on the physiologic, biochemical and structural |... 
abnormalities in various hypertensive diseases. Since the 
author's main interests have always focused on norepi- 
nephrine and catecholamine metabolism and their relation 
to vascular reactivity, the dominant message in the book is 
directed toward these abnormalities. j 

Because the emphasis is on biochemistry and theory, the 
book offers very little to the practicing physician or to the 
student. However, research workers in the field of hyper- 
tension, particularly those studying the biochemical and 
physiologic aspects, will find much relative information all 
in one place. The bibliography is especially good. 


Frank A. Finnerty, Jr., MD, FACC 
Washington, D.C. 


























The National Committee for. Continuing 
i| Education, Wiliam Likoff, MD, 
ACC, Chairman, announces the following 
alendar of programs. 


‘Each program is designed to enlarge 
nowledge and clarify the endlessly chang- 
“ing frontiers which mark scientific achieve- 
^,,ments' in the recognition and treatment of 
-cardiovascular disease. Although the discip- 

E lined objective of each program as well as 






alendar of Continuing ! Medical Education Programs | 


its content, format and faculty are primarily 
determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 
ucation always exercíses the prerogative of 
final review and approval, whether the pro- 
gram is sponsored solely by the College or 
in collaboration with universities, colleges, 
hospitals and various other professional so- 
cieties. 

Subject matter reflects national interest 
and needs in the fields of patient care, re- 


¿i Programs and faculty are subject to change. For further information write Mary Anne Mcinerny, Director, Department of Continuir 
"Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. D 


search and teachi ni The. pr 
tures vary in method of educatio! 
The National Committee 
Medical Education in the Col 
solicits the interest. of meri 
member physicians alike: in con 
cation for the clear reason ti 
provides a unique. opportunity 
one's understanding of ‘heart ( 
most formidable and challen 
problem of our time. pot 















































Cardiology for the Consultant: A 
Clinician's Retreat. E. Grey Di- 
mond, FACC, director. Rancho 
Sante Fe inn, Rancho Sante Fe, 
Calif. 

Consultant's Course in Cardiolo- 
gy. Simon Dack, FACC, director. 
Richard Gorlin, FACC, Michael V. 
Herman, FACC and Louis E. 
Teichholz,  co-directors. Mount 
Sinai Medical Center, New York, 
N.Y. 

Echocardiography for the Clini- 
cian. Joseph K. Perloff, FACC, 
Nathaniel Reichek and Morris N. 
Kotler, FACC, directors. The Uni- 
versity of Pennsylvania Medical 
Center, Philadelphia, Pa. 

Optimal Standards of Care in 
Cardiac Emergencies. Albert N. 
Brest, FACC, director, Holiday Inn, 
Philadelphia, Pa. 

Core Curriculum: Vectorcardi- 
ography: A Basic Workshop. Al- 




































The following individuals were elected to 
membership in the American College of 
Cardiology on December 30, 1974, in the 
category indicated. 
FELLOWSHIP 
ACQUATELLA, Harry, MD, Venezuela 
_AGUSTSSON, Magnus H., MD, Illinois 
: ANDERSON, James N., MD, Alabama 
CAYMAN, David, MD, Massachusetts 
BARBOSA de Medeiros, Jose, MD, Brazil 
BARNWELL, William H., ll, MD, South Caro- 
ts dina 
BARRY, William H.; MD, California 
BATTLE, William E., MD, District of Columbia 
BENSON, Herbert, MD, Massachusetts 
‘BLOOMFIELD, Martin E., MD, New York. 














MAY berto Benchimol, FACC, director. 
2 Scottsdale Hilton Hotel, 
Scottsdale, Ariz. 


MAY Current Concepts in Cardiology — 

5-8 1975. Philip R. Akre, director and 
Masato Takahashi, FACC and 
John A. Bowers, co-directors, 
Caesars Palace, Las Vegas, Nev. 
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Within the framework of the latest 
trends in circulatory physiology and re- 
cent advances in molecular biology and 
regulatory biology, this authoritative vol- 
ume thoroughly covers the pathophysio- 
logic basis of cardiology and the clinical 
aspects of heart disease. 

In order to present the material in 
the most effective manner for the prac- 
ticing physician, the text is divided into 
six parts, which deal successively with 
modern physiology of circulation, patho- 
physiology of heart disease, applied 
clinical physiology of diagnosis and 
manifestations of heart disease, specific 
diseases of the heart, and, finally, treat- 
ment of heart disease. Each of the 40 
chapters is written as a self-standing 
entity but is, at the same time, interdigi- 
tated with other relevant chapters in 
such a way as to provide integration with- 
out unnecessary repetition. 


Part I, "The Physiologic Basis of 
Heart Disease," encompasses functional 
anatomy of the heart, blood supply of the 
heart, metabolism of cardiac muscle, 
cellular electrophysiology of the heart, 
regulation of cardiac performance, and 
physiology of systemic and pulmonary 
circulation. 


Part Il, “The Pathophysiology of 
Heart Disease," is concerned with heart 
failure, cardiac arrhythmias, and the 
pathogenesis of systemic and pulmonary 
hypertension. 


Part Ill, “The Diagnosis of Heart Dis- 
ease," discusses examination of the 
cardiac patient and diagnostic tech- 
‘niques, including electrocardiography, 
vectorcardiography, radiologic examina- 


tion, and cardiac catheterization 


—* set their own prices. 









Part IV, “The Manifestations of Heart — 
Disease," covers clinical features of 

heart disease, irregular heart action, 
chest pain of cardiac origin, cyanosis 
clubbing, polycythemia, thromboembo- 
lism, and fever in the cardiac patient. 




















Part V, "Specific Forms of Heart Dis-- 
ease," deals with congenital heart dis 
ease, rheumatic fever and rheumati 
heart disease, ischemic heart disease, 
hypertensive cardiovascular disease, dis- 
eases of the endocardium, myocardium. 
and pericardium, metabolic and trauma- 
tic diseases of the heart, tumors of the 
heart, and miscellaneous disorders. i 
























































Part VI," The Treatment of Heart Dis- - 
ease,” is concerned with the treatment of = 
heart failure, arrhythmias, ischemic - 
heart disease and hypertensive diseases, 
as well as surgery of the cardiac patient. 


1975 approx. 1390 pages 


Please send me ___. copies of HEART DIS- 
EASE by Silber and Katz @ $39.95 each. 
Order Code 41045. : 
| enclose my check [] or money order [1 1 
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Now in 50 mg. and 100 mg. capsules. 


Before prescribing, see complete prescribing information in 
K&F literature or PDA. The following is a brief summary. 
Indications: Edema associated with congestive heart 

failure, cirrhosis and nephrotic syndrome; steroid- 
uced edema, idiopathic edema, edema due to 
secondary hyperaldosteronism and edema resistant to 
ther diuretic therapy. 
ntraindications: Severe or progressive kidney disease 
function (possible exception: nephrosis). Severe 
tic disease. Pre-existing elevated serum potassium. 
3erserisitivity to the drug. Continued use in developing 
lemia. Do not give potassium supplements, either 
or by diet. 
gs: Observe regularly for possible blood dys- 
Tásias, liver damage or other idiosyncratic reactions. Blood 
grasias have been reported. Check BUN and serum 
assium periodically, especially in the elderly, diabetics, 
hd those with suspected or confirmed renal insufficiency. 
Use in pregnancy only when essential to patient welfare 


Dyrenium (triamterene, SK&F) and spironolactone are not 
usually used concurrently; if they are, however, frequent 
serum potassium determinations are required. 
Precautions: lí hyperkalemia develops, withdraw the drug 
The following may also occur: electrolyte imbalance, low-salt 

“syndrome (with low salt intake), reversible mild nitrogen 

eétentíon, decreasing alkali reserve with possible metabolic 

_ acidosis: Do periodic hematologic studies in cirrhotics with 

_ splenomegaly. Concomitant use with antihypertensive 

gs may result in an additive hypotensive effect. When 
Dyrenium. is to be discontinued after intensive or prolonged 
erapy, withdraw gradually because of possible rebound 
aliuresis. 
'erse Reactions: Diarrhea, nausea and vomiting (may 
indicate electrolyte imbalance), other gastrointestinal dis- 

"türbances, weakness, headache, dry mouth, anaphylaxis, 
‘photosensitivity, elevated uric acid, rash. 

Note. When combined with another diuretic, the initial 
dosage of each agent should be lower than recommended. 
Supplied: 50 mg. capsules, in bottles of 100; 100 mg. 

: capsules in bottles of 100, in Single Unit Packages of 
100 (intended for institutional use only). 


SK&F Co., Carolina, PR. 00630 


ubsidiary of SmuthKline Corporation 
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| Symposiums reprinted from. : 


THE AMERICAN JOURNAL OF ARDIOI 


Symposium on: 


Electrophysiologic Correlates of Clinica 
Arrhythmias (1972) 
Guest Editor: Charles Fisch, M. b 


Pre-Hospital Phase of Acute Myoca dia 
Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M. x 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M. D. 


Coronary Care Units (1967) 
Guest Editors: Bernard Lown, M.D. | 
John P. Shitlingford, M 


Diagnostic Ultrasound (1967) 
Guest Editor: Bernard L. Segal, M.D. 


Please tear off and mail. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 : 
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New York, N.Y. 10019 


Send me the following symposium reprints: 


C) Electrophysiologic Correlates of 
Clinical Arrhythmias 


O Pre-Hospital Phase of Acute 
Myocardial Infarction 


Human Heart Transplantation . . B 
Cardiac Tumors 

Coronary Care Units 

Diagnostic Ultrasound 
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A New Book! Strauss-Pitt-James 
CARDIOVASCULAR 
"NUCLEAR MEDICINE 


Following a logical sequence, this enlightening new 
book aids you in achieving maximum results from 
application of nuclear medicine. It provides a com- 
plete description of the most common utilized and 
"latest techniques in the employment of radioactive 
tracers and. radionuclides for imaging in cardiovascu- 
ar disease plus information on the rationale, 
mechanisms, and procedures involved. Vital, current 
topics examine myocardial perfusion, measurements 
of regional cerebral circulation, detection and 
antification of intracardiac shunts, selective uptake 
of radiopharmaceuticals by acutely infarcted myo- 
rdium, thromboembolic diseases, radiometric detec- 
tion-of venous diseases, radioimmunoassay of cardiac 
glycosides, and much more. 
Edited by H. WILLIAM STRAUSS, M.D.; BERTRAM PITT, 
: id A, EVERETTE JAMES, Jr., Sc.M., M.D. Novem- 


r, 1974. 383 pages plus FM 1-XVI, 7" x 10", 362 
ustrations, 36 full-color illustrations, Price, $39.50. 
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The New Gould 2400: 
the best performing, most versatile 
wide channel recorder you can buy. 


it is available in 2, 3 and 4 channel configurations 
utilizing combinations of 50 mm and 100 mm chan- 
nels totalling 200 mm. it has a 99.65% linearity 
over the full 100 mm channel. its frequency re- 
sponse is an outstanding 30 Hz at 100 mm, 50 Hz 
at 50 mm and up to 125 Hz at reduced amplitude. it 
has a full range of signal conditioners. for just 
about any scientific-medical application. 

For full details on why the new Gould 2400 is the 
best performing direct writing recorder you can 
buy, write Gould ine., Instrument Systems Division, 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or 
Kouterveldstraat 13, B 1920 Diegem, Belgium. 


=" GOULD 


The Gould 220: 
the workhorse of 
biophysical recording. 


Why do so many hospitals and laboratories depend 
on the Gould 220? Just look at the features. 


The modular system provides two 40 mm analog 
channels and two event channels and it accepts a 
broad range of biophysical plug-in signal condi- 
tioners so you can use the 220 to measure almost 
any physiological parameter. The 220's pressur- 
ized writing system makes the sharpest, crispest 
traces of any recorder on the market. And the 220's 
99.596 linearity means you get accurate records 
you can trust. 


For all these reasons, the Gould 220 belongs in 
your hospital or laboratory. Write for details. Gould 
inc., Instrument Systems Division, 3631 Perkins 
Avenue, Cleveland, Ohio 44114. Or Kouterveld- 
straat Z/N, B 1920 Diegem, Belgium. 
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The Third 
Step in 
Angina. 


After the classic 







in a diagnosis of 


angina, sustained- 
release Nitro-Bid^ 
(nitroglycerin) is a 


logical third step. 
Here’s why. 


In angina secondary to 
arteriosclerotic heart 


disease, sustained-release 














“2-Step” Test aids 


Another patient benefit product from 


Nitro-Bid* (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina 
attacks ...increase exercise 
tolerance. 





Sustained-release 
Nitro-Bid Plateau CAPS* 
provide a 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
" ..is quite an 
asset..." 


Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 
dose to accommodate 
patient symptoms. 


M 



















NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


[. INDICATIONS | 
Based on a review of this drug by 


the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 
* "Possibly" effective: 
For the management, prophylaxis 
or treatment of anginal attacks 
Final classification of the less-than- 
effective indications requires further 
investigation. 
Saafi 














Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970 
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WHOLE PAPER 

ess manuscript to Simor: Dack, 
merican Journal of Cardiology, 
Ave., New York, NY 10019. 
bmit two copies of all elements of 
: text, references, legends, ta- 
and figures. 

range the paper in this order: (1) 
page; (2) abstract; (3) text; (4) ref- 
ces; 6) legends; (6) tables; and (7) 





umber all. pages in above se- 


j all. matter: (1) on 8% x 11 
‘white bond paper; (2) in dupli- 
(3) on one side of each sheet only; 
ble-space; (5) leave wide mar- 





E TITLE PAGE 


ude first „names, degrees and, 
pplicable, FACC for all authors. 
ide a short running title of 3 to 6 


rt at bottom: name and address 
itution from which work originated 
information about grants. 

d'at bottom the phrase "Address 
prints: . "followed by full name 
ddress with zip code. 


“ABSTRACT 


it words as follows: 100 to 250 
| for major articles; 50 to 100 





at end of abstract: list of 2 te 6 
rds and subjects for indexing. 
XT 

ype in duplicate; double-space. 

Do not use abbreviations such as 
, WPW: write. out; superior vena 
Wolff-Parkinson-White. 

bbreviate measurements (mm, kcal 
the like) as recommended. in the 
nual for. Biological. Journals, 
can Institute of Biological Scè 
ces, 3900. Wisconsin Avenue, A N. W. 
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GY welcome con- 
\rticles must be contrib- 





uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 


property of the Publisher. The Publisher reserves copyright and renewal on 
‘all published material, and such material may not be reproduced in any form l 
without the written permission of the Publisher. Statements in articles are 


the responsibility of the authors. Authors will assist the editors in the prompt 


processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

* Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


* Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

* Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

* Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


* Start at top of new page. 

* Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

* ldentify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


* Start each table at top of new page. 
* Type in duplicate; double-space. 


* Give each table a number (in roman : 


numerals; Table |, li, etc.) and. a title, — 
Number the tables in order in which 
they are mentioned in the text. 


e Provide a footnote to each table— ees 


identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


* Submit 2 glossy prints (not originals) 
of each photo and drawing. 

* Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts. (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

* Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 
* Identify figures on back by number 
and author's name. 

* Number figures in order in which mey 
are mentioned in the text. ; 
Indicate top of each figure. a 
* Submit written permission from pub- 
lisher and author to reproduce any pre- 
viously published figures. 

* Limit figures to number necessary for ©. 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


3l. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the trícuspid valve, chap 20, In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 1% 


For books (wiih identical author and editor): 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 25 


(Author: all book references should have eon c page numbers) 











NOW AVAILABLE... 





THE 
AMERICAN JOURNAL 
OF CARDIOLOGY 


YEAR 


CUMULATIVE 
INDEXLEEEEN 


Covers all material published in THE AMERICAN 
JOURNAL OF CARDIOLOGY from January 1968 
through December 1972. 





e CLINICAL STUDIES 

e EXPERIMENTAL STUDIES 
e SYMPOSIA 

e REPORTS ON THERAPY 

e REVIEWS 

e SEMINARS 

e CASE REPORTS 

e DIAGNOSTIC SHELF 

e HISTORICAL MILESTONES 


Includes Author Index—and— Subject Index 

All subjects are cross indexed for quick and easy reference 
*There is a limited supply of the 10 Year Cumulative Index 
available — January 1958 through December 1967 — Price 
$10.00, While supply lasts order both for only $15.00. 


Please use order form below. 


THE AMERICAN JOURNAL OF CARDIOLOGY 
P.O. Box 1172, Radio City Station, New York, N.Y. 10019 


Send me THE AMERICAN JOURNAL OF CARDIOLOGY 
Cumulative Index or Indexes as checked below. 


O Enclosed is my check for $8 for 
5 YEAR CUMULATIVE INDEX 1968-1972 


O Enclosed is my check for $10 for 
10 YEAR CUMULATIVE INDEX 1958-1967 


O Enclosed is my check for $15 for both 
the 5 and 10 YEAR CUMULATIVE INDEXES 





ime 





ldress. 








ly. State Zip. 


»ase add appropriate sales tax if in New York State 





After the “2-Step” Test, 
the Third Step in 
Angina* Therapy Is... 


NITRO-BID' 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS® 


Comparing electrocardiographic responses to 
standard exercise following placebo or sustained- 
release nitroglycerin (NITRO-BID* [nitroglycerin] 
capsules), “...6.5 mg doses produced a favorable 
response. Such findings indicate that large doses of 
nitrate escape degradation in the liver." ' 


In another study,’... over a 4-hour period the aver- 
age work-induced ischemic area increased after 
placebo by 25 per cent, whereas over the same 
period the average work-induced ischemic area 
decreased after peroral nitroglycerin (NITRO- 
BID® [nitroglycerin] capsules) by 41 per cent." ? 


Also available when 
titration is important 


NITRO-BID® 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS? 


* | Indications 
Based on a review of this drug 
by the Natonal Academy of 
Sciences — National Research 
Council and/or other information, 
FDA has classified the indications 
as follows 
Possibly effective 
For the management, 
prophylaxis or treatment of 
anginal attacks. 
Final classification of the less- 
than-effective indications requires 
further investigation. 


















anemia, glaucoma, increased 
intracranial pressure, 
idiosyncrasy, hypotension. 
Precautions: For ORAL, not 
sublingual, use. If blurring of 
vision or dryness of mouth 
occurs, discontinue drug. 
Tolerance may develop on 
long-term usage. 

Adverse Reactions: Occasional 
transient headaches. Overdose 
may cause flushing, headaches, 
tachycardia, dizziness. 

Dosage: One capsule two or 
three times daily at 8 to 12-hour 
Contraindications: Recent intervals 

myocardial infarction, severe 


References: 

1. Russek HI: What constitutes adequate medical therapy for the 
patient with angina pectoris? Geriatrics 29:109-118, 1974. 

2. Wendkos MH, Meshulam N: Comparative effects of placebo and 
sustained-release nitroglycerin in anginal subjects. J Clin Pharmacol 
13: 160-166, 1973. 


Another patient benefit product from 
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PUBLISHED TO CORRECT 
A PROMOTIONAL CAMPAIGN 
WHICH THE 
FOOD AND DRUG ADMINISTRATION 
CONSIDERS MISLEADING 













INDERAL is a powerful drug with serious potential 
side effects. Its use in the treatment of angina should be reserved 
for those patients who have been unresponsive to all forms of 
conventional therapy including nitroglycerin and then only after 
the physician has weighed carefully its contraindications, 
warnings, precautions and possible adverse reactions as they 
apply to the individual patient. 




















propendlollydeodoide) 
.. Tablets fO and 40 mg. — 


IN THE OPINION OF F.D.A., THE INDERAL PROMOTIONAL | 
CAMPAIGN MINIMIZED THE FOLLOWING 
IMPORTANT ASPECTS OF INDERAL THERAPY. 


ABRUPT DISCONTINUATION MAY PRECIPITATE MYOCARDIAL INFARCTION E | 


The INDERAL promotion only noted: “If treatment is to be discontinued, it is 
recommended that withdrawal be gradual over a period of several weeks. 
(See PRECAUTIONS)” 

Myocardial infarction, and death, have followed abrupt discontinuation of INDERAL therapy, 
Patients selected for INDERAL must be warned against abrupt discontinuation of therapy. : 









INDERAL MAY LEAD TO CONGESTIVE FAILURE 


The INDERAL promotion merely noted: "Special caution should be 
observed in patients with heart block or a history of congestive failure. 
(See CONTRAINDICATIONS and WARNINGS.) 










Existing congestive heart failure (other than secondary to a 
tachyarrhythmia treatable with INDERAL) is an absolute contraindication to the 
use of INDERAL. Furthermore, INDERAL may lead to 
congestive heart failure in patients with a history of failure and, 
in rare instances, even in those with no history of congestive failure. 















INDERAL MAY REDUCE THE INOTROPIC EFFECT OF DIGITALIS 


A previous advertisement stated: "INDERAL will not interfere with the cardiac action of... digitali 
The FDA points out that the inotropic action of digitalis may be reduced 
by INDERAL s opposite inotropic effect. (See WARNINGS.) 


STOP INDERAL GRADUALLY UNLESS YOU SEE A BENEFICIAL EFFECT 


An earlier advertisement suggested INDERAL should not be continued unless 
there is reduced pain or increased work capacity. The FDA feels this 
aspect of INDERAL therapy requires greater emphasis. 
When INDERAL is discontinued, it should be done gradually to avoid 
the possibility of precipitating myocardial infarction. 





THIS PROMOTIONAL CAMPAIGN HAS BEEN 
DISCONTINUED BY DIRECTION 
OF THE FOOD AND DRUG ADMINISTRATION. 


See fol lowing page 
for prescribing inforrati 


ERST! ST LABORATORIES 
ORK, N.Y. 100: 













































beta adrenergic blocking agent 





‘BEFORE USING INDERAL (PROPRANOLOL HYDROCHLOR- 
5 THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH. THE BASIC CONCEPT OF ADREN- 
ERGIC RECEPTORS (ALPHA AND BETA}. AND THE 
PHARMACOLOGY.OF THIS DRUG. 





ACTIONS: INDERAL is a beta-adrenergic receptor 
locking drug, possessing no other autonomic nervous 
Syster activity. It specifically competes with beta- 
adrenergic receptor. stimulating agents for availabie 
‘ta receptor sites. When access to beta receptor sites 
blocked. by INDERAL, the chronotropic, inetropic, 
vasodilator responses to beta-acrenergic 
stimulation are decreased proportionately. 
In dosages greater than required for betaiblockade, 
DERA. also exerts a quinidine-like cr anesthetic-like 
mbrane action which affects the cardiac action 
tential and depresses cardiac function. 
Propranolol is almost completely absorbed from the 
gastrointestinal tract, but a portion is immediately 
jund by the liver. Peak effect occurs in one to one and 
nehalf hours. The biologic half-life is approximately 
to three hours. There is no simple correiation 
between dose or plasma level and therapeutic effect, 
fid theidose-sensitivity range as observed in clinical 
actice is wide. The principal reason for this is that 
sympathetic tone varies widely between individuals. 
Sincethere is no reliable test to estimate sympathetic 
tone or to determine whether total beta blockade has 
‘been achieved, proper dosage requires titration. 
Beta receptor blockade is useful in conditions in 
ich, because of pathologic or functional changes, 
sympathetic activity is excessive or inapproariate and 
detrimental to.the patient. But there are also situations 
which sympathetic stimulation is vital. For example, 
tents with severely damaged hearts, adequate 
tricular function is maintained by virtue of 
iympathetic drive which should be preserved. In the 
presence aay Block, beta Pide may prevent the 
‘necessary facilitating effect of sympathetic activity 
i conduction. Seta blockade results in bronchial 
striction by interfering with adrenergic 
inchodilator activity which should oe preserved in 
ents subject to bronchospasm. 
The praper objective of beta blockade therapy is to 
crease adverse sympathetic stimulation bat not to 
legree that may impair necessary sympathetic 
rt ot vital functional balances. 
Propranolol exerts:its antiarrhythmic effects in 
ncentrations associated with beta-adrenergic 
blockade and this appears to be its principal 
tiarrhytamic mechanism of action. The membrane 
effect also: plays a role, particularly, some authorities 
believe, indigitalis-induced arrhythmias. Beta- 
adrenergic blockade is of unique impertance:in the 
management of arrhythmias due to increased levels of 
circulating catecholamines or enhanced sensitivity of 
he heart to catecholamines (arrhythmias associated 
ith pheochromocytoma, thyrotoxicosis, exercise). 
Propranolol may reduce the oxygen requirement of 
the heart at any given level of effort by blocking 
catecholamine-induced increases in heart rate, systolic 
lood pressure, and the velocity and extent of 
yocardiat coritraction. On the other hand, propranolol 
may increase oxygen requirements by increasing left 
ventricular fiber length, end diastolic pressure, and 
systolic ejection period. 
. If thé net physiologic effect of beta adrenergic 
blockade in angina-is advantageous, it would 5e 
xpected to manifest itself during exercise by-delayed 
onset of pain due to decreased oxygen requirement. 


INDICATIONS: Angina Pectoris due to Coronary 
Atherosclerosis 

fhe initia! treatment of angina pectoris involves weight 
control, rest, cessation of smoking, use of sub/ingual 
itroglycerin, and avoidance of precipitating 
cumstances. INDERAL is indicated in selected patients 
with moderate to Severe angina pectoris who have not 
'esponded to these conventional measures. . 

roprano!oi Should not be used in patients with angina 
which occurs only with considerable effort or with 
nfrequent precipitating factors. 
: ANDERAL exerts both favorable and unfavorable 
effects, the preponderance of which may be beneficial. 
ACTIONS Section.) INDERAL should not be 







































































Additional studies of the effects of INDERAL 
(propranolo! hydrochioride) in angina pectoris patients 
are in progress to better evaluate and define the proper 
role of INDERAL in this condition. 


CONTRAINDICATIONS: INDERAL is contraindicated 
in: 1) bronchial asthma; 2) allergic rhinitis during the 
pollen season; 3) sinus bradycardia and greater than 
first degree biock; 4) cardiogenic shock; 5) right 
ventricular failure secondary to pulmonary 
hypertension; 6) congestive heart failure (see 
WARNINGS) unless the failure is secondary toa 
tachyarrhythmia treatable with INDERAL; 7) in patients 
on adrenergic-augmenting psychotropic drugs 
(including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 


WARNINGS: CARDIAC FAILURE: Sympathetic 
stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with 
beta-blockade always carries the potential hazard of 
further depressing myocardial contractility and 
precipitating cardiac failure. INDERAL acts selectively 
without abolishing the inotropic action of digitalis on 
the heart muscle (/.e. that of supporting the strength 

of myocardial contractions). However, the inotropic 
action of digitalis may be reduced by INDERAL's opposite 
inotropic effect. The effects of INDERAL and digitalis are 
additive in depressing AV conduction. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, 
continued depression of the myocardium over a period 
of time can, in some cases, lead to cardiac failure. In 
rare instances, this has been observed during 
INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should 
be fully digitalized, and the response observed closely: 
(a) if cardiac failure continues, INDERAL therapy must 
be immediately withdrawn; (b) if tachyarrhythmia is 
being controlled, patients should be maintained on 
combined dosage and the patient closely followed 
until threat of cardiac failure is over. 

IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR 
ANGINA PECTORIS, when discontinuance of chronically 
administered INDERAL is planned, the dosage should be 
gradually reduced over a period of several weeks and 
the patient should continue to be carefully monitored. 
There have been reports of exacerbation of angina 
and myocardial infarction occurring following abrupt 
discontinuation of INDERAL therapy. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious 
effects from long term use have not been adequately 
appraised. Special consideration should be given to 
propranolol's potential for aggravating congestive 
heart failure. Propranolol may mask the clinical signs 
of continuing hyperthyroidism or complications and 
give a false impression of improvement. Propranolol 
does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, 
several cases have been reported in which, after 
propranolol, the tachycarcia was replaced by a severe 
bradycardia requiring a demand pacemaker. In one 
case this resulted after an initial dose of 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that 
require catecholamine release for maintenance of 
adequate cardiac function, beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL 
should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
biockade impairs the ability of the heart to respond to 
reflex stimuli. For this reason, with the exception of 
pheochromocytoma, INDERAL shouid be withdrawn 48 
hours prior to surgery, at which time all chemical and 
physiologic effects are gone according to available 
evidence. However, in case of emergency surgery, since 
INDERAL is a competitive inhibitor of beta receptor 
agonists, its effects can be reversed by administration 
of such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted 
severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC BRONCHOSPASM 
(e.g. CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should 
be administered with caution since it may biock 
bronchodilation produced by endogenous and 
exogenous catecholamine stimulation of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: 
Because of its beta-adrenergic blocking activity, 
INDERAL may prevent the appearance of premonitory 
signs and symptoms (pulse rate arid pressure changes) 
of acute hypoglycemia. Especially important with 
labile diabetics, 


PRECAUTIONS: Patients receiving catecholamine 
depleting drugs such as reserpine should be closely 
observed if INDERAL (propranolol hydrochloride) is 
administered. The added catecholamine blocking 
action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL 
may produce hypotensior and/or marked bradycardia 
resultiag in vertigo, syncopal attacks, or orthostatic 
hypotension. : 
As with any new drug given over prolonged periods, 
laboratory parameters should be observed at regular 
intervais. The drug should be used with caution in 
patients with impaired renal or hepatic furiction. 


ADVERSE REACTIONS: Cardiovascular: bradycardia; 
congestive heart failure; intensification of AV block; | 
hypotension; paresthesia of hands; arterial 
insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness, mental 
depression manifested by insomnia, lassitude, 
weakness, fatigue; reversiale mental depression 
progressing to catatonia; visual disturbances; 
hallucinations; an acute reversible syndrome 
characterized by disorientation for time and place, 
short term memory loss, emotional lability, slightly 
cloudec sensorium, and decreased performance on 
neuropsychometrics 

Gastrointestinal: nausea, vomiting, epigastric 
distress, abdominal cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, 
erythematous rash, fever combined with aching.and 
sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, non- 
thrombocytopenic purpure, thrombocytopenic 
purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, 
lactate cehydrogenase 


DOSAGE AND ADMINISTRATION: The oral route 
of administration is preferrad, ; 


ORAL ; 
ANGINA PECTORIS — Dosage must be individualized. 
Starting with 10-20 mg. three or four times daily, s 

before meats and at bedtime, dosage should be 
gradually increased at three to seven day intervals PEU 
until optimum response is cbtained. Although individual |... 
patients may respond at any dosage level, the average 
optimum dosage appears to be 160 mg. per day. The 
value and safety of dosage exceeding 320 mg. per 
day have not been established. 
If treatment is to be discontinued, reduce dosage 
gradually over a period of several weeks. (See 
WARNINGS.) 
PEDIATR:C DOSAGE . 
At thistime the data on the use of the drug in this 
age group are too limited to permit adequate 
directions for use. 


OVERDOSAGE OR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 
RESPONSE, THE FOLLOWING MEASURES SHOULD BE 
EMPLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 
1.0 mg.): F THERE IS NO RESPONSE TO VAGAL 
BLOCKADE, ADMINISTER ISOPROTERENOL 
CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND 
DIURETICS 

HYPOTENSION —- VASOPRESSORS, e.g. 
LEVARTERENOL OR EPINEPHRINE (THERE IS 
EET THAT EPINEPHRINE IS THE DRUG OF 

ICE.) 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL 

AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL (propranolo: hydrochloride) 

TABLETS 

No. 461-- Zach tablet contains 10 mg. of propranolol 
hydrochioride, in bottles of 100 and 1,000. Also in 
unit dose package of 100. 

No. 464 — Each tablet contains 40 mg. of propranolol 
hydrochroride, in bottles of 100 and 1,000. Also.in 
unit dose package of 100. : 

INJECTABE 

No. 3265 — Each cc. contains 1 mg. of propranolól 
hydrochioride in Water for Injection, The pH is 
adiusted with citric acid. Supplied as: 1 cc. ampuls 
in boxesof 10. 





'AYERST LABORATORIES 
NEW YORK, N.Y. 10017 



















BF long-acting 
e formulation.. 


(/ proved in years of | 
L^" practice 


f 
| 
E 
74 
“A 
EY 


H 
ag 





AS S 


RENT 


ne 


heals ith eae 


in Ointment 2% 


ition: Nitroglycerin 2% in lanolin-petrolatum base. Administration: From 1/2 
is applied to desired skin area by means of Appliruler supplied. Adjust to 
ed, starting in lower range. Side effects: Headache indicates overdose. — | 
ng may be the result of postural hypotension. Controindications: — - 
ased intraocular pressure or increased intracranial pressure. 
tubes. Caution: Federal law prohibits dispensing without 4 
^2 


Nitrol.. 
| Iro Nitre 


1955 “Because of the ineffectiveness of the 
conventional measures, it was suggested that a 
2% nitroglycerin ointment [Nitrol] be applied to 
the skin....It is the authors impression that there 
has been definite benefit from this therapy, when 
used together with all other measures for the 






Supplied: 1-oz. 
prescription. 


B. H.: Am. J. Med. Sci. 230:259-263 (Sept.) 
‘ood, D. R., and Epstein, S. E.: Circulation 








E. 


References: 1. Davis, J. A. 
1955. 2. Reichek, N.; Goldstein, 


treatment of angina pectoris....The principle of 50.348.352 (August) 1974: b 4 
slower absorption with resulting prolonged action Send in coupon fr literaturë onda trade poskegeteP¥turclnicl evaivotin: | 


of an effective coronary vasodilator would seemto ^ p—--————-— TO ak). | 
deserve further trial in this condition. B Kremer UTERE 4 


P.O. Box 2038, Miu, Wisconsin 5: 


| 1974 “ nitroglycerin ointment [Nitrol] exhibited Please send me literature and a trade package 


Rb Sr ® (Ni in Oi 9 : 
a consistently prolonged beneficial influence that, of NITROL* (Nitroglycerin Ointment 2%) for "du 
: : clinical evaluation. 15 
in practice, has never been demonstrated for any D 
other nitrate used in the therapy of angina."? Name Mq 
Address I 1 
City State Zip | | 
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The new 








Bentley Trantec Sterile Disposable Dome. 


A major contribution to patient safety was made when the Bentley Trantec Pressure 
Transducer was introduced. Specifically, it incorporated the most effective electrical 
isolation available. L1 Now, Bentley Trantec introduces the sterile disposable dome 
with an isolating diaphragm. An even higher degree of patient safety is achieved 
through the elimination of possible cross contamination. Domes come sterile- 
packed, to be quickly attached to the transducer, used, then discarced. Immediate 
and continuous use of the transducer is possible by simply changing the sterile 
dome — no further need for time consuming cleaning, wrapping, sterilizing and 
storing. LJ The Sterile Disposable Dome. Another patient safety product from Bentley 
Trantec. Contact your Bentley representative or write for complete details. 


VT 
BENTLEY TRANTEC, INC. | | 


i 
17502 Armstrong Avenue « Irvine, California 92705 » (714) 556-4464 | —— 
A SUBSIDIARY OF BENTLEY LABORATORIES, INC. i wg 









Stimulation Technology, Inc. 


introduces the 3821T 
implantable cardiac pacemaker 





produced and distributed 
in the United States under 
license from Devices,Ltd. 
— for more than a decade 
one of the world’s leading 
developers of cardiac 
pacemakers: first with 
hermetically sealed hybrid 
pacemaker circuitry 





Replacement Credit Warranty: Five Years 


— and that tells you how we feel about 
the reliability and longevity of the 3821T 
implantable cardiac pacemaker 
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The 3821T 
demand pacemaker 


Actual Size 


specifications: 


length 7.3 cm 
width 4.7 cm 
thickness 2.3 cm 
weight 130 gm 
basic rate 71+ 4 ppm 
hysteresis rate 60 ppm nominal 
interference rate 105 ppm nominal 
reed switch 

operated rate 105 ppm nominal 


(Rates given apply to implanted (37? C) 
operation at normal battery voltage; exact rates, 
at room temperature, are shown on 
registration and information form enclosed 
with each pulse generator.) 


features of the 3821T 


© unipolar 

* hybrid micro circuit construction 

* battery depletion warning circuit 
unique interference handling capability 
hermetically sealed electronics 
small size 
lightweight 


Pacemaker Battery -- Projected Longevity * 


12. 18.24 
Implant Duration (Months) 


* These longevity projections are based on 
theoretical calculations for the pulse generator 
battery life only and do not account for 
pacemaker malfunction due to random 
component failure or events which have no 
relationship to time. The results therefore 
may not represent actual pacemaker longevity. 
The above projections are made on the basis 
of chemical capacities, self-discharge rates, 
and current drains measured using standard 
and micro electrodes, and no inhibition. 
Calculations include empirical data and 
extrapolations based upon actual battery life 
experience, projections from improvements 
n the new double separator cell and effects 
of one year pulse generator storage prior 
to implant. 


Caution: U.S. federal law restricts this device 
to sale by or on the order of a physician. 


300025/375 Printed in U.S.A. © 1975 


| — Standard Electrode (18 sq. mm.) 
NNN! Micro Electrode (8 - 12 sq. mm.) 


STIMY TECH. 


For information and/or service contact: 
Stimulation Technology, Inc. 

9440 Science Center Drive 

Minneapolis, Minnesota 55428 
612/535-0255 Telex: 290347 





Year after year Cardiologists To achieve and maintain such If you would like to know 
throughout the world specify the clear-cut leadership, SKI provides more about the Ekoline 20, call 
Ekoline 20" more often than all superior instrumentation and or write Smith Kline Instruments, 
other ultrasonoscopes combined. unsurpassed product support, Inc., Dept. U, 880 W. Maude Ave., 
And in 9 out of 10 published including a clinically trained Sales Sunnyvale, Ca 94086. 
echocardiographic studies, the staff, a top technical staff, and Sl (408) 732-6000. 
*'Ekoline 20 is the instrument used. worldwide service centers. 


A Subsidiary of SmithKline Corporation 


Number One 
for ten straight years. 
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precision quality control... 


e assured tablet content uniformity" 


predictable patient response... 
eproven biologic availability" 






Contraindications: There are no absclute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 

ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient hes been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 

Because of impaired renal function and excretion in elderly. patients, they frequently require lower than recommended doses. 
^ Potassium loss in patients sensitizes the heart to digitalis intoxication even with recommended doses. The diuretic 

agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 

Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 

and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g, cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those-occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block. In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting from a few hours to one or two days. 

If necessary, potassium chloride may be administered as an intravenous infusion containing (adult dosage} 40 
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merular filtration rate, renal blood flow, 
or filtration fraction. 


With ALDOMET 
(Methyldopa, MSD), 
cardiac output is 


generally unchanged 


ALDOMET has no direct effect on cardiac 
function. When ALDOMET is used in effec- 
tive doses cardiac output is usually 
maintained with no cardiac acceleration; 
in some patients the heart rate is slowed. 
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symptomatic postural 
hypotension is infrequent 


ALDOMET reduces both supine and standing blood pressure. 
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with ALDOMET than with many other antihypertensive agents. 
Exercise hypotension and diurnal blood pressure variations 
rarely occur, 
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a unique antihypertensive agent 


Contraindications include active hepatic disease and known 
sensitivity to the drug. Use with caution in patients with a history 
of liver disease or dysfunction. Not recommended in phe- 
ochromocytoma or pregnancy. 

It is important to recognize that a positive Coombs test, 
hemolytic anemia, and liver disorders may occur with methyl- 
dopa therapy. The rare occurrences of hemolytic anemia 

or liver disorders could lead to potentially fatal complications 
unless properly recognized and managed. For more details see 
the brief summary of prescribing information. 
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For a brief summary of prescribing information, please see following page. 
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tablet is a patient convenience. An especially 
important one, since in hypertension con- 
venience of the dosage schedule is one factor 
that can make the difference in compliance 
of the patient. The minimum daily dose of 
ALDOMET is 250 mg b.i.d. The usual starting 
dose is 250 mg t.i.d. Dosage is adjusted as 
necessary by adding or deleting 250 mg or 
500 mg at intervals of not less than two 

days. The maximum dose is 3.0 g per day. 
Examples of b.i.d. or t.i.d. dosage convenience 
provided by ALDOMET 500 mg within the 
usual daily dosage range of 500 mg to 2.0 g: 
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Coombs test should be performed on his blood. In 
the absence of hemolytic anemia, usually only the 
direct Coombs test will be positive. A positive di- 
rect Coombs test alone will not interfere with 
typing or cross matching. If the indirect Coombs 
test is also positive, problems may arise in the 
major cross match and the assistance of a hema- 
tologist or transfusion expert will be needed. 


Fever has occurred within first three weeks of 
therapy, sometimes with eosinophilia or abnor- 
malities in liver function tests, such as serum al- 
kaline phosphatase, serum transaminases (SGOT, 
SGPT), bilirubin, cephalin cholestero! flocculation, 
prothrombin time, and bromsulphalein retention. 
Jaundice, with or without fever, may occur, with 
onset usually in the first two to three months of 
therapy. In some patients the findings are con- 
sistent with those of cholestasis. Rarely fatal 
hepatic necrosis has been reported. These hepatic 
changes may represent hypersensitivity reactions; 
periodic determination of hepatic function should 
be done particularly during the first six to twelve 
weeks of therapy or whenever an unexplained fever 
occurs. If fever, abnormalities in liver function 
tests, or jaundice appear, stop therapy with methyl- 
dopa. If caused by methyldopa, the temperature 
and abnormalities in liver function characteris- 
tically have reverted to normal when the drug was 
discontinued. Methyldopa should not be reinstituted 
in such patients. 


Rarely, reversible reduction in leukocyte count 
with primary effect on granulocytes has been seen. 
Reversible thrombocytopenia has occurred rarely. 
When used with other antihypertensive drugs, po- 
tentiation of antihypertensive effect may occur. 


Use in Pregnancy and Childbeariag Age—Not rec- 
ommended in pregnancy. In women of childbearing 
age, weigh potential benefits against possible 
fetal hazards. 


Precautions: Methyldopa may interfere with mea- 
surement of: uric acid by the phosphotungstate 
method, creatinine by the alkaline picrate method, 
and SGOT by colorimetric methods. Since methyl- 
dopa causes fluorescence in urine samples at the 
same wavelengths as catecholamines, spuriously 
high levels of urinary catecholamines may be re- 
ported. This will interfere with the diagnosis of 
pheochromocytoma, Stop drug if involuntary cho- 
reoathetotic movements occur in patients with 
severe bilateral cerebrovascular disease. Patients 
may require reduced doses of anesthetics; hypo- 
tension occurring during anesthesia usually can be 


controlled with vasopressors. Hypertension has.oc- 
curred after dialysis in patients on. methyldopa: 
because the drug is removed by this procedure.  : 








Adverse Reactions: Sedation, usually transient, may 
be seen during initial therapy or when dosage is 
increased, Headache, asthenia, or weakness may 
be noted as early, transient symptoms. Symptoms 
associated with effective lowering of blood pres- 
sure are occasionally seen and include. dizziness, 
lightheadedness, and symptoms of cerebrovascular 
insufficiency. Angina pectoris may be aggravated. 
Symptoms of orthostatic hypotension may occur; 
if symptoms occur, reduction of dosage is sug- 
gested. Bradycardia, nasal stuffiness, mild dryness 
of mouth, and gastrointestinal symptoms including 
distention, constipation, flatus, and diarrhea occur 
occasionally; these generally can be relieved by 
reducing dosage. Nausea and vomiting have been 
reported in only a few patients, Sore tongue or 
"black tongue,” pancreatitis, and inflammation of ` 
salivary glands may occur. 


Weight gain and edema occur infrequently and are 
relieved by administering a thiazide diuretic; if 
edema progresses or signs of pulmonary conges- 
ticn appear, discontinue drug. A rise in BUN has 
been observed. Other rare reactions include breast 
enlargement, lactation, impotence, decreased 
libido, skin rash, mild arthralgia, myalgia, pares- 
thesias, Bell’s palsy, parkinsonism, psychic dis- 
turbances including nightmares, reversible mild 
psychoses or depression. Urine exposed to air 
after voiding may darken because of breakdown of 
methyldopa or its metabolites. 


Note: Dosage should be limited initially to 500 mg 
daily when following previous antihypertensive 
agents other than thiazides. Maximal recommended 
daily dose is 3.0 g. Patients with impaired renal 
function may respond to smaller doses than pa- 
tients with normal. kidney function. Syncope in 
alder patients has been reiated to increased sensi- 
tivity in those with advanced arteriosclerotic vas- 
cular disease; this may be avoided by lower doses. 
Tolerance occasionally seen either early or late, 
but more likely between second and third month 
after initiation of therapy; increased dosage or 
combined therapy with a thiazide frequently re- 
stores effective contral. 


How Supplied: Tablets, containing 250 mg methyl- 
dopa each, in single-unit packages of 100 and. bot- 
tles of 100 and 1000; Tablets, containing 500 mg 
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“garded as useful in the prophylactic treatment of angina pectoris." 
“Final classification of the tess-than-effective indications requires | 
X further investigation 








Contraindications: A history of sensitivity tothe drug : 
Warnings: Data supportingthe use of nitrates during the early days 
of the acute phase ot myocardial infarction are insufficient to 
establish safety. Phenobarbital may be habit forming m 
Precautions: Should be used with caution in patients. who 
have glaucoma. Tolerance and cross tolerance to other ni- 
trates rnay occur : 
Adverse Reactions; Headache which may be severe and oo 
persistent. Lowering the dose and using analgesics will. 
help control the headaches which usually diminish: or 
disappear as therapy is continued. 256 
Adverse reactions seen occastonally; Cutaneous Va- 
sodilation with flushing: transient dizziness. and weak- 
ness as well as other signs of cerebral ischemia 
associated with postural hypotension, individual 
marked sensitivity to the hypotensive effects of ni 
trates. wherein Severe responses can occur even 
with the usual therapeutic. dose (alcohol. may en- 
hance this effect) drug rash and/or exfoliative 
dermatitis $ . : 
This drug.can act as a physiological antagonist 
to norepinephrine, acetylcholine, histamine and 
other agents 
Dosage and Administration: Route Sublingual, 
ora and chewable tablets 5 
Individual! Dose: To minimize hypotensive re- 
sponses, which may occasionally be severe with 
chewable doses as low as 5 mg... the smallest 
effective dose should be employed: Chewable 
tablets are generally given in doses of 5 mg. 
Subingually or oray & to 10mg. is the rangs 
commonly used although doses ot up to 30 
"mg have frequently been employed. è 
osage Schedule. Smallest effective dose 
necessary for. the prevention and treatment 
of pain of an anginal attack. Sublingual 
SORBITRATE may be taken prn. or at4 to 6 
hour intervals, Oral SORBITRATE may. be 
taken 3 to 4 times daily CHEWABLE 
SORBITRATE may be taken for prompt relief. 
Gf anginal pain 3.or 4 times daily Although the 
onset and duration of effect of coronary. nitrates 
may vary; following are the generally reported 
ranges of these values for SORBITRATE: 
Onset of Effect: Sublingual and Chewable: 2 
to5 minutes. Orak 15 to 30 minutes. 
Duration of Effect Sublingual and Chewable: 
tto 2 hours. Orat Estimated to be. 4 to 6 hours. 
Its recommended that the oral dosage be taken 
an an empty stomach. LA 
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CLINICAL STUDIES 


597 Clinical Application of a Second Generation Electrocardiographic Computer Program 


HUBERT V. PIPBERGER, DONALD McCAUGHAN, DAVID LITTMANN, HANNA A. PIPBERGER, 
JEROME CORNFIELD, ROSALIE A. DUNN, CHARLES D. BATCHLOR and ALAN S. BERSON 


Using a Bayesian classification procedure, this electrocardiographic computer program based on multivariate 
analysis of orthogonal leads (Frank) classified correctly 86 percent of 1,192 records as compared with 68 per- 
cent by conventional 12 lead electrocardiographic analysis. Pitfalls and problems inherent in this approach are 
discussed. 


609 Natural History of S-T Segment Elevation After Acute Myocardial Infarction 
ROGER M. MILLS, Jr., ELIOT YOUNG, RICHARD GORLIN and MICHAEL LESCH 


S-T segment elevations after myocardial infarction resolve within 2 weeks in 95 percent of inferior but in only 
40 percent of anterior infarctions. S-T segment elevations lasting more than 2 weeks after myocardial infarc- 
tion do not resolve and are associated with clinically more severe myocardial infarction. Persistent S-T eleva- 
tion is a specific but insensitive index of advanced myocardial asynergy. 


615 Q Waves and Ventricular Asynergy: Predictive Value and Hemodynamic Significance of Anatomic 
Localization 


MONTY M. BODENHEIMER, VIDYA S. BANKA and RICHARD H. HELFANT 


Asynergy was found in 61 of 64 patients with pathologic Q waves. An elevated S-T segment was an insensitive 
indicator of ventricular aneurysm, occurring in only 5 of 52 patients with aneurysms. Although the presence of 
a Q wave reliably predicted asynergy, 49 percent of the patients with coronary artery disease and asynergy did 
not have Q waves. These data indicate that pathologic Q waves can aid in predicting the presence and location 
of a severely asynergic zone. 


EXPERIMENTAL STUDIES 


619 Circulatory Effects of Tazolol in Experimental Myocardial Infarction 
HOWARD T. BUCKLEY, ARTHUR M. STROSBERG and DONALD C. HARRISON 


In dogs with acute pump failure caused by experimental myocardial infarction, tazolol, a new long-acting beta- 
stimulating drug, significantly increased cardiac output and stroke volume while decreasing peripheral resis- 
tance and mean aortic pressure. It caused less S-T segment elevation at the margin of infarction and less in- 
crease in the double product (systolic pressure X heart rate) than comparable doses of isoproterenol. It is now 
being studied in patients with coronary heart failure. 
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Provides a unique natural laxative — standardized senna concentrate... virtually colon-specific 
..effectiveness documented in numerous published studies comprising thousands of patients. 


Provides a classic stool softener—DSS...complementing the laxative action by softening the 
stool for smoother and easier passage. 


Comfortable, predictable evacuation...a bedtime dose of SENOKOT S Tablets usually induces 
comfortable evacuation the next morning, allowing uninterrupted sleep. SENOKOT S Tablets aid 
in rehabilitation of the constipated patient by facilitating regular elimination. 


Indications: SENOKOT S Tablets offer welcome relief in functional constipation wnen combined 
neuroperistaltic stimulation plus stool softening is indicated, especially for: the aged; postpartum 
and postoperative patients; drug-induced constipation; cardiovascular patients and those with 
hemorrhoids. Dosage (preferably at bedtime): Adults: Initial Dosage: 2 tablets (max. dose—4 tablets 
b.i.d.). Children (above 50 Ib.): 1 tablet (max. dose—2 tablets b.i.d.). To meet individual require- 
ments, dosage may be cecreased or increased by 1 tablet (up to maximum) until the most effective 
: : n à 
dose is established. Supplied: Bottles of 30 and 60 tablets PURDUE FREDERICK 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY/NORWALK, CONN. 06356 A7742 148474 








CONTENTS — 


: s -626 Effects of Changes in Preload, Afterload and Inotropic State on Ejection and Isovolumic Phase 
Measures of Contractility in the Conscious Dog 


FELIX MAHLER, JOHN ROSS, Jr, ROBERT A. O'ROURKE and JAMES W. COVELL 





In the conscious animal in the steady state, isovolumic phase indexes but not ejection phase indexes were mild- 
ly influenced by acute volume loading. Acute increases in aortic pressure markedly reduced ejection phase 
measures but not isovolumic indexes. All of the indexes studied were comparably sensitive to acute alterations ^ 
in contractility, but no single measure can always be used to define an acute contractility change in the intact 
circulation. 


REPORTS ON THERAPY 


635 Noninvasive Assessment of Clinical Response to Oral Propranolol Therapy 


WILLIAM. FRISHMAN, CHARLES SMITHEN, BARBARA BEFLER, PAUL KLIGFIELD and 
THOMAS KILLIP 


Noninvasive assessment of left ventricular function by echocardiography and systolic time intervals proved 
more valuable than propranolol blood levels in managing patients with angina pectoris and provided a guide to 
optimal adjustment of dosage. In this study, propranolol was most effective in daily doses of 80 to 160 mg. A z 
peak increase in work performance was achieved in most patients with serum levels of 10 to 30 ng/mi. Maxi- 

mal work performance was associated with a 12 msec mean increase in the preejection period, a 0.04 mean. - 
increase in the ratio between preejection period and left ventricular ejection time (PEP/LVET) and a 0.05 mean’ 
decrease in the ejection fraction when compared with control values. 


645 The Use of Practolol in Supraventricular Arrhythmias Associated with Acute Illnesses 
ALLAN H. PRIBBLE and ROBERT D. CONN 


intravenously administered practolo! rapidly controlled the ventricular rate by slowing atrioventricular conduction 
in 23 of 33 episodes of supraventricular arrhythmias in 31 patients. It proved a rapidly effective and safe antiar- 
rhythmic agent for the treatment of supraventricular tachyarrhythmias when propranolol is contraindicated and. 
the risk of digitalis toxicity is increased, and it should be considered a drug for initiation of such therapy. 






(s 651 inefficacy of “Therapeutic” Serum Levels of Digoxin in Controlling the Ventricular Rate in Atrial 
Fibrillation 


STEVEN GOLDMAN, PETER PROBST, ARTHUR SELZER and KEITH COHN 


Therapeutic levels of serum digoxin (0.8 to 2 ng/ml) slowed the ventricular rate more effectively in patients with — 
stable chronic atrial fibrillation than in those with acute or unstable chronic atrial fibrillation: Sufficient amounts = 
of digoxin to achieve “therapeutic” serum levels may not lower the ventricular rate in atrial fibrillation to less 
than 100 beats/min in the presence of a serious complicating illness such as infection, hypoxia or recent thora- 
cotomy. 


856 Action of Drugs in Patients Early After Cardiac Surgery. |. Comparison of Isoproterenol and Dopamine 
EARL L. HOLLOWAY, EDWARD B. STINSON, GERALDINE C. DERBY and DONALD C. HARRISON 


Although dopamine and isoproterenol both increased cardiac output and reduced systemic vascular resistance - 

in 12 patients with coronary artery disease in the period immediately after open heart surgery, dopamine's lack 
of chronotropic effect as compared with isoproterenol may make it the drug of choice in patients requiring ino- : 
tropic agents after cardiac surgery. 
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Accepted Concepts in AnginaTherapy * 


* Nitrates are the first line of defense 





against angina pectoris 
* The therapeutic goal of oral nitrate therapy 
Is an angina-free patient 





Because higher dosage often is necessary 
to achieve this goal...| VES LABORATORIES INTRODUCES 
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(isosorbide dinitrate) 


20 mg. 


Scored, oral tablets 


Sa 
es 





j Fewer tablets for patients on 80 mg. or more per day (up to a 


maximum of 120 mg./day) 


* To provide prophylaxis against anginal attacks often caused by 
unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris attacks. 
(Not intended to abort the acute episode.) 










* Indications: Based on a review of this drug by the National Academy 
of Sciences—National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken 5y the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-thar-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarctioa (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 


Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
rash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 
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PEDIATRIC CARDIOLOGY 


660 Postoperative Hemodynamic and Electrophysiologic Evaluation of the Interatrial Baffle Procedure 


CECILLE O. SUNDERLAND, DALE P. HENKEN, G. MICHAEL NICHOLS, DHARAM S. DHINDSA, 
LAWRENCE |. BONCHEK, VICTOR D. MENASHE, SHAHBUDIN H. RAHIMTOOLA, ALBERT STARR and 
MARTIN H. LEES 





Postoperative hemodynamic and electrophysiologic evaluation of 11 of 16 survivors of the interatrial baffle 
(Mustard) procedure for dextrotransposition of the great arteries shows that the children fared well clinically and 
that their hemodynamic condition was excellent. Right to left shunt, superior vena caval-baffle gradient, right 
ventricular stroke work index and right ventricular end-diastolic pressure were not significantly different from 
the values for the systemic left ventricle in a comparable group of normal children. Cardiac index, heart rate 
and arteriovenous oxygen difference were also normal. Pulmonary vascular resistance averaged 1.9 units and 
was decreased in all children. 


STUDIES IN HYPERTENSION 


667  Hyperkinetic Heart in Severe Hypertension: A Separate Clinical Hemodynamic Entity 


M. MOHSEN IBRAHIM, ROBERT C. TARAZI, HARRIET P. DUSTAN, EMMANUEL L. BRAVO and i 
RAY W. GIFFORD, Jr. 


This clinically and hemodynamically distinctive group of hypertensive patients, as illustrated by the 10 subjects i 
in this report, is characterized by a significantly increased cardiac output despite severe arterial hypertension, 
long-standing labile hypertension that is difficult to control and always symptomatic, and increased myocardial 
contractility. Beta adrenergic blockade with propranolol helped control symptoms and tachycardia but not the 

arterial pressure in these subjects. 


DIAGNOSTIC SHELF 


675 Atypical Posterior Leaflet Motion in Echocardiogram in Mitral Stenosis 
JOHN T. FLAHERTY, SUE LIVENGOOD and NICHOLAS J. FORTUIN 


This echocardiogram in an 18 year old boy with proved mitral stenosis showed posterior motion of a thickened 
posterior mitral leaflet during diastole, a false negative finding not previously reported. ‘‘True’’ and "false" mi- 
tral stenosis may still be distinguished echocardiographically by using other information from the mitral valve 
echocardiogram, including the thickness of the leaflets and the movement of the valve with atrial systole. 


679  Echocardiographic Findings in Isolated, Surgically Created Tricuspid Insufficiency 
STUART F. SEIDES, ROBERT L. DeJOSEPH, ARTHUR E. BROWN and ANTHONY N. DAMATO 


Serial echocardiography in a 25 year old heroin user subjected to tricuspid valvulectomy and later tricuspid 
valve replacement for medically intractable bacterial endocarditis showed changes that correspond well with 
results of previous studies in experimental animals but differ from those in man with chronic right ventricular 
volume overload. After valvulectomy interventricular septal motion became paradoxical and the right ventricu- 
lar dimension increased to 3.5 cm; after valve replacement, interventricular septal motion and right ventricular 
dimension promptly returned to normal. 


CASE REPORTS 


683  Prinzmetal's Variant Angina: Hemodynamic and Angiographic Observations During Pain 


WILLIAM H. GAASCH, AJIT V. ADYANTHAYA, VINCENT H. WANG, ERNEST PICKERING, 3 
MIGUEL A. QUINONES and JAMES K. ALEXANDER d 


Hemodynamic and angiographic data in four patients with Prinzmetal's variant angina suggest that in this condi- 
tion there is an absence of factors that increase the myocardial oxygen requirements as in classic angina. Cor- 
onary arterial spasm is present in some but not all subjects. 

Continued on page A17 
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TWO GOOD REASONS WHY AVIONICS IS 
THE LEADER IN EXERCISE STRESS TESTING! 









a BETTER EQUIPMENT — 


introducing the new Avionics Model 
3600 ExerStress'" Console... 


1. Automatic Blood Pressure Monitor 
2. Four-Channel Memory Scope 
3. Standard 12-lead Capabilitv 
4. Accurate Heart Rate Meter | 
5. ST-Segment Computer With PVC Indicator 
6. Automatic Timer For Activating ECG 
Write-out 
. Three-Channel ECG Writer 
. Digital Display of Treadmill Speed 
9. Digital Display of Treadmil! Grade 
10. Digital Elapsed Time Clock 
11. Digital Display of Stage of Test 
12. Automatic Programmer For 
Controlling Treadmill 
13. DC Defibrillator 
14. Work Area 
15. XY Charter of ST-Segment. Heart 
Rate, and Time 
16. Storage Areas 


17. Treadmills: Finest Quality 
Available 


a BETTER SERVICE — full service and maintenance contracts available... 


Compare the quality and performance of our system Ask any competitor to bring and demonstrate his 
with all others. We'll bring the entire system, including complete system to you, including treadmill exercising. 
the treadmill, to your hospital, clinic, or office and.con- If he refuses, that should tell you something! If you 
duct an actual stress test under your control. You can want the best, we've got it and we're ready to bring it 
prove the superior performance and diagnostic quality to you. 

of our system to your own setisfaction. For action, just use the coupon below. 





AVIONICS SALES & SERVICE CENTERS 


= Stamford m Miami = Montreal m St. Louis m San Francisco 
= Baltimore m Cincinnati m Chicago m Dallas m Seattle 
m Atlanta m Detroit m Minneapolis m Los Angeles m Brussels 


[O Please send me your Exercise Stress Test Heart Monitoring brochure, | would like to 
know more about this new system. 


O Send the literature, and schedule me for a visiting demonstration. 


Name and Title 





Organization 





Address 











City State Zip 


AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, California 90045/Phone: (213) 641-7700 


A16 


CONTENTS 





691 Transient Q Waves in Prinzmetal's Angina 
JOSE MELLER, CESAR A. CONDE, EPHRAIM DONOSO and SIMON DACK 
The appearance of transient abnormal Q waves during chest pain in two patients with Prinzmetal's angina and 


their disappearance after the pain subsided indicate that such waves can occur with severe myocardial isch- 
emia in the absence of frank necrosis. 





696 Ventricular Aneurysm with Ventricular Tachycardia. Report of a Case with Epicardial Mapping and 
Successful Resection 


JOHN J. GALLAGHER, H. NEWLAND OLDHAM, ANDREW G. WALLACE, ROBERT H. PETER and 
JACKIE KASELL 


After medical treatment failed to control ventricular tachycardia in a 54 year old man with a ventricular aneu- 
rysm, ventricular aneurysmectomy abolished the arrhythmia. Epicardial mapping at the time of operation was 
used to locate the origin of the tachycardia at the margin of the aneurysm. 


701 Cardiovascular Complications of Pheochromocytoma Crisis t 
WALLACE E. RADTKE, FRANCIS J. KAZMIER, BARRY D. RUTHERFORD and SHELDON G. SHEPS 
Two patients with hypertensive crises due to pheochromocytoma presented with such unusual features as i 
transient cortical blindness and other neurologic deficits, electrocardiographic changes indicative of transmural É 
infarction and peripheral arterial spasm. Proper management of such cases includes early treatment with alpha 


and beta adrenergic blocking agents and definitive surgery before peripheral vascular changes become irre- 
versible. 


706 Combined Hypertrophic Subaortic Stenosis and Calcific Aortic Valvular Stenosis 
ALLEN D. JOHNSON, STEWART A. LONKY and RICHARD A. CARLETON 
The pathogenesis of combined hypertrophic subaortic stenosis and calcific aortic stenosis in this 83 year old 
man remains provocative. It is suggested that asymmetrical septal hypertrophy may occur as a consequence 


of the valvular stenosis or that abnormal leaflet motion in patients with hypertrophic obstruction may produce 
leaflet thickening, calcification, deformity and stenosis. 


SYMPOSIUM ON THE CURRENT STATUS OF VALVE REPLACEMENT. PART I 


710 Introduction 
SHAHBUDIN H. RAHIMTOOLA 


711 Valve Replacement—a Perspective 
SHAHBUDIN H. RAHIMTOOLA 


Valve replacement has been the most important advance in the last 15 years for the management of patients 
with valvular heart disease. However, there are still many problems in evaluating results and indications for sur- 
gery. The evidence so far indicates that all patients with a prosthetic valve should receive anticoagulant therapy 
provided there are no contraindications to such treatment. 

Continued on page A19 
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The NEW 600 A DRAMATIC LEAP FORWARD 
IN DYNAMIC ELECTROGARDIOGRAPHY! 





Model 660 Features: 





2-channel playback of Holter recordings 
2-channel paper writer 

120:1 playback ratio (24-hour recording 
scanned in 12 minutes) 

Trend recording of S-T segment and heart rate 
Digital display and chart recording of 
ventricular and supraventricular ectopic beats 
Total heart beat counter 

Digital display clock 

Automatic time print-out on ECG write-out 
Adjustable delay loop for tape deck 

Solid state, modular design 





Name and Title 


Now available to every physician... an advanced 
ECG system for post MI follow-up, pacemaker 
evaluation, evaluation of drug administration, and 
detecting the causes of such fleeting symptoms as 
phantom chest pains and dizziness. 


Model 425 Holter Monitor 

Provides a 2-channel, 24-hour ECG recording of 
ambulatory patients. 

Model 660 Electrocardioscanner® 

Performs a 12-minute scan of the 24-hour, 2-chan- 
nel tape recording and provides standard ECG 
documentation of abnormalities and quantification 
of arrhythmia and ischemic data. 


O Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


C Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 





Organization 





Address 





City 


State Zip 





AVIONICS BIOMEDICAL DIVISION 
Del Mar Engineering Laboratories, 6901 West Imperial Highway, Los Angeles, Calif. 90045/Phone: (213) 641-7700 
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716 Hemodynamic Changes After Valve Replacement with Starr-Edwards Prostheses 


J. DAVID BRISTOW and E. LOUISE KREMKAU 


Valve replacement with caged ball prostheses usually restores intracardiac pressures to normal at rest in most 
patients, but small pressure gradients may remain across the mechanical valves. In mitral regurgitation left ven- 
tricular performance is an important determinant of the outcome of valve replacement. When improvement is 
not clear-cut, myocardial problems and mechanical factors, including malfunction of the valve due to disruption 
of valve sutures or obstruction from thrombus, should be investigated. In the absence of obvious causes such 
as coronary disease or dysfunction of the prosthesis. the cause of late myocardial failure after valve replace- 
ment remains unclear. 


725 Myocardial Ultrastructure in Patients with Chronic Aortic Valve Disease 


BARRY J. MARON, VICTOR J. FERRANS and WILLIAM C. ROBERTS 


Light and electron microscopic studies on left ventricular myocardium removed at operation from 16 patients 
with chronic aortic valve disease showed that most cardiac muscle cells were hypertrophied and surrounded by 
small amounts of fibrous tissue. In six patients degenerated cardiac muscle cells were observed. This study 
suggests that degenerated cardiac muscle cells have poor contractile function that may impair cardiac perfor- 
mance in some patients with chronic aortic valve disease. 


740 Cardiac Pathology After Valve Replacement by Disc Prosthesis. A Study of 61 Necropsy Patients 


761 


763 


764 


765 


WILLIAM C. ROBERTS, MICHAEL C. FISHBEIN and ABNER GOLDEN 


Forty-five of 61 patients died less than 65 days after one or more valves were replaced with a discoid prosthe- 
sis of the Hufnagel type, prosthetic disproportion being the most common (31 percent) cause of death in this 
group. Prosthetic thrombosis developed in only 3 of the 45 patients who died late. Excessive bleeding in 24 per- 
cent of the 45 patients who died early was primarily related to the insertion of a patch in the root of the aorta. 
Disc wear occurred in all but one prosthesis in place for more than 1 year. Renal hemosiderosis in 13 of the 16 
patients suggests that the poppet disc prosthesis is traumatic to erythrocytes and not an ideal substitute heart 
valve. 
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INSTRUCTIONS FOR AUTHORS 


THE WHOLE PAPER 


e Address manuscript to Simon Dack, 
MD, American Journal of Cardiology, 
666 Fifth Ave., New York, NY 10019. 

e Submit two copies of all elements of 
the article: text, references, legends, ta- 
bles and figures. 

* Arrange the paper in this order: (1) 
title page; (2) abstract; (3) text; (4) ref- 
erences; (5) legends; (6) tables; and (7) 
figures. 

* Number all pages in above se- 
quence, beginning with title page as 1, 
abstract as 2, etc. 

* Type all matter: (1) on 8% X 11 
opaque white bond paper; (2) in dupli- 
cate; (3) on one side of each sheet only; 
(4) double-space; (5) leave wide mar- 
gins, all four sides. 


THE TITLE PAGE 


e Include first names, degrees and, 
where applicable, FACC for all authors. 
* Provide a short running title of 3 to 6 
words. 

e Insert at bottom: name and address 
of institution from which work originated 
plus information about grants. 

e Add at bottom the phrase ‘Address 
for reprints: . . ."’ followed by full name 
and address with zip code. 


THE ABSTRACT 


e Limit words as follows: 100 to 250 
words for major articles; 50 to 100 
words for case reports. 

e Add at end of abstract: list of 2 to 6 
key words and subjects for indexing. 


THE TEXT 


* Type in duplicate; double-space. 

e Do not use abbreviations such as 
SVC, WPW: write out; superior vena 
cava, Wolff-Parkinson-White. 

e Abbreviate measurements (mm, kcal 
and the like) as recommended in the 
Style Manual for Biological Journals, 
American Institute of Biological Sci- 
ences, 3900 Wisconsin Avenue, N.W., 
Washington, D. C. 

e Cite in numerical order every refer- 
ence, figure and table. (Order of men- 
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The editors of THE AMERICAN JOURNAL OF CARDIOLOGY welcome con- 
cise articles devoted to cardiovascular disease. Articles must be contrib- 
uted solely to THE AMERICAN JOURNAL OF CARDIOLOGY and become the 
property of the Publisher. The Publisher reserves copyright and renewal on 
all published material, and such material may not be reproduced in any form 
without the written permission of the Publisher. Statements in articles are 
the responsibility of the authors. Authors will assist the editors in the prompt 
processing of manuscripts if these instructions are followed: 


tion in text determines the number given 
to each.) 

* Place acknowledgments at end of 
text, before references. 


THE REFERENCES 


e Type in duplicate; double-space. 

e Number the references in order in 
which they are mentioned in text. 

* Provide concluding page numbers for 
all journal references and specific page 
numbers for all book references. Indi- 
cate all abstracts by the abbreviation 
(abstr). 

* Follow the general arrangement, ab- 
breviations and punctuation styles 
shown below. 


THE FIGURE LEGENDS 


e Start at top of new page. 

e Type in duplicate; double-space. 

e Number pages in sequence after last 
page of references. 

e Identify at the end of each legend and 
in alphabetical order all abbreviations in 
the figure described. 


THE TABLES 


* Start each table at top of new page. 
* Type in duplicate; double-space. 


e Give each table a number (in roman 
numerals; Table |, Il, etc.) and a title. 
Number the tables in order in which 
they are mentioned in the text. 

e Provide a footnote to each table— 
identifying in alphabetical order all ab- 
breviations used. 


THE FIGURES 


e Submit 2 glossy prints (not originals) 
of each photo and drawing. 

e Please note that art work of pub- 
lished articles will not be returned. 

e Use black ink for all charts (line 
drawings). Make decimals, broken lines, 
etc. strong enough for reproduction. 

e Use arrows to designate special fea- 
tures. 

e Crop photomicrographs to show only 
essential field. 

e Identify figures on back by number 
and author's name. 

e Number figures in order in which they 
are mentioned in the text. 

e Indicate top of each figure. 

e Submit written permission from. pub- 
lisher and author to reproduce any pre- 
viously published figures. 

e Limit figures to number necessary for 
clarity. The publisher allows a limited 
sum toward reproduction. 





Examples of Styles of References 


For periodicals, follow INDEX MEDICUS: 


31. Bellet S, Feinberg LJ, Sandberg H, et al: 
The effects of caffeine on free fatty acids 
and blood coagulation parameters of dogs. J 
Pharmacol Exp Ther 159: 250-254, 1968 


(Author: please note that no periods are used after authors’ initials.) 


For books (edited by other than author of article): 


28. Schiebler GL, Van Mierop LHS, Krovetz LJ: 
Diseases of the tricuspid valve, chap 20. In, 
Heart Disease in Infants, Children and Ado- 
lescents (Moss AJ, Adams F, ed). Baltimore, 
Williams & Wilkins, 1968, p 134 


For books (with identical author and editor): 


36. Berne E: Principles of Group Treatment, New 
York, Oxford University Press, 1966, p 26 


(Author: all book references should have specific page numbers) 
















The Third 
Step in 
Angina. 


After the classic 






in a diagnosis of 


angina, sustained- 
release Nitro-Bid® 
(nitroglycerin) is a 


logical third step. 
Here’s why. 


In angina secondary to 
arteriosclerotic heart 





“2-Step” Test aids 


disease, sustained-release 


Another patient benefit product from 


Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 
requirements as they reduce 
the number of angina 


attacks...increase exercise 


tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS* 
providea 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
6 A E 

' ls quite an 
asset..." 
Nitro-Bid 2.5 and 
Nitro-Bid 6.5 capsules 
afford two dosage 
strengths for convenience 
in increasing or decreasing 


dose to accommodate 
patient symptoms. 








M 

























NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


INDICATIONS 
Based on a review of this drug by 
the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows 
* “Possibly” effective: 
For the management, prophylaxis 
or treatment of anginal attacks 
Final classification of the less-than- 
effective indications requires further 
investigation. | 














Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 


PHARMACEUTICAL DIVISION 


MARIO 


LABORATORIES. INC 
AS CITY MISSOURI 6413 
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On Reliability and a Pound of Flesh | 


The life's blood-of-an electrocardiograph is the Charts, as provided by the instrument maker, 
chart that flows:through it; afford this assurance to a maxima ... because 
they are designed as an integral part 


Assurance that the recording is totally reliable ef the instrument. 


depends, in part; on the quality of the chart 

itself. Charts, as provided by others, are imitations at 
best. They may save à few pennies, but not 
without risk of shedding a "drop of reliability”: 


Phis message was prepared in the interest of better instrument performance by ... 


N A S Fi U A The Instrument Manufacturer's Chartmaker 


CORPORATION 





100 East Kinney St., Newark, N. J. 07105 
GUBELMAN CHART DIVISION 3037 East Maria St., Compton, Calif, 90220 











For your medical library... 


Symposiums reprinted from 


THE AMERICAN JOURNAL OF CARDIOLOGY 


Symposium on: 
Electrophysiologic Correlates of Clinical 
Arrhythmias (1972) 
Guest Editor: Charles Fisch, M.D. 
Pre-Hospital Phase of Acute Myocardial 


Infarction (1969) 


Guest Editors: Sidney Goldstein, M.D. 
Arthur J. Moss, M.D. 


Human Heart Transplantation (1968) 


Guest Editors: Adrian Kantrowitz, M.D. 
Jordan D. Haller, M.D. 


Cardiac Tumors (1968) 
Guest Editor: John F. Goodwin, M.D. 


Coronary Care Units (1967) 


Guest Editors: Bernard Lown, M.D. 
John P. Shitlingford, M.D. 


Diagnostic Ultrasound (1967) 
Guest Editor: Bernard L. Segal, M.D. 


Please tear off and mail. 


AJC-5 

THE AMERICAN JOURNAL OF CARDIOLOGY 
P. O. Box 1172 
Radio City Station 
New York, N.Y. 10019 
Send me the following symposium reprints: 
O Electrophysiologic Correlates of 

Clinical Arrhythmias ........... $8.00 
O Pre-Hospital Phase of Acute 

Myocardial Infarction........... $6.00 
O Human Heart Transplantation .... $6.00 
A Cardiac Tumorss;; Seas ove. $6.00 
E Coronary Care Units ........... $6.00 
O Diagnostic Ultrasound.......... $6.00 


Enclosed is my check for $ 

Name 

Address 

Ci State Zi 


(Please add appropriate sales tax if in New York State and 
New York City) 
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After the “2-Step” Test, 
the Third Step in 
Angina* Therapy ls... 


NITRO-BID' 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS* 


Comparing electrocardiographic responses to 
standard exercise following placebo or sustained- 
release nitroglycerin (NITRO-BID* [nitroglycerin] 
capsules), “...6.5 mg doses produced a favorable 
response. Such findings indicate that large doses of 
nitrate escape degradation in the liver.” 1 


In another study;'... over a 4-hour period the aver- 
age work-induced ischemic area increased after 
placebo by 25 per cent, whereas over the same 
period the average work-induced ischemic area 
decreased after peroral nitroglycerin (NITRO- 
BID® [nitroglycerin] capsules) by 41 per cent." ? 


Also available when 
titration is important 
NITRO-BID* 2.5 
(nitroglycerin 2.5 mg) 
Plateau CAPS? 





anemia, glaucoma, increased 
intracranial pressure, 
idiosyncrasy, hypotension 
Precautions: For ORAL, not 


* | Indications 
Based on a review of this drug 
by the National Academy of 


4 





Sciences — National Research 
Council and/or other information, 
FDA has classified the indications 
as follows 

Possibly effective 


For the management, 
prophylaxis or treatment of 
anginal attacks 
Final classification of the less- 
than-effective indications requires 
further investigation 





Contraindications: Recent 
myocardial infarction, severe 


References: 


sublingual, use. If blurring of 
vision or dryness of mouth 
occurs, discontinue drug. 
Tolerance may develop on 
long-term usage 

Adverse Reactions: Occasional 
transient headaches. Overdose 
may cause flushing, headaches, 
tachycardia, dizziness. 

Dosage: One capsule two or 
three times daily at 8 to 12-hour 
intervals 


1. Russe« HI: What constitutes adequate medical therapy for the 
patient with angina pectoris? Geriatrics 29:109-118, 1974 

2. Wendkos MH, Meshulam N: Comparative effects of placebo and 
sustained-release nitroglycerin in anginal subjects. J Clin Pharmacol 


13: 160-166, 1973 


Another patient benefit product from 
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LABORATORIES, INC. 


KANSAS CITY, MISSOURI 64137 
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the most significant iivunCO 


in biophysical recorde 
the past decade. - 


position position position 





; i try sin e the early 1960's. Now 
: we've advanced the state of the art even further. 
<The brand-new Gould 2400 wide channel recorder 
is being called the best performing, most versatile, 
.. most reliable multi-channel biophysical recording 
syst m you can buy. Here’s why. 


» Gould 2400, with its full 100 mm 
de channel, is ideal for research or 
| diagnostic applications. The Gould 
has the best resolution of any wide channel 
sr on the market. This high display resolution, 
ith the 100 mm wide chart presentation, 


3 Channel 1-100 mm, 2-50 mm 


akes your critical trace analysis — 

ier and more precise. pon 
he heart of the 2400 
100 grams/mm 

igh-stiffness servo 

ontrolled penmotor 

vith an exceptional 

requency response. 

fhe high precision 

non-contact Metrisite® 

- servo feedback element 

enforces 99.65% linear- 

ty ver the entire channel width. 


uld 2400 can meet just about any 
ophysical application. The 2400 is available 
WO, three and four channel configurations 
zing combinations of 50 mm and 100 mm 
channels totaling 200 mm. Left and right margin 


annei Cac 


-event markers are standard and may be activated 
- by remote switch closures TTL inputs, or by an 
internal programmable timer. 


Gould 2400 has a full range of 
physical signal conditioners. There isn't 
writing recorder on the market today that 
tch the Gould 2400 for range of available 
hysical signal conditioners. 
ur couplers and preamplifiers have been 


choose from any of 12 off-the-shelf units, rang 


from the industry standard ECG to Gould's uniq 
Blood Pressure Computer which 
gives 14 different outputs. 
Another standard unit is the 
Gould Temperature Preampli- 
fier with an accuracy of 0.2% 
of a degree and a design that 
enables you to use it with 25 
different probes without 
recalibration. 
Whatever your special signal 
conditioning requirements, 
chances are we have a 
packaged solution for it. 


The Gould 2400 has an unequalled 
frequency response. The 2400's frequency 
response is an outstanding 30 Hz at 100 mm, 50 Hz 
at 50 mm and up to 125 Hz at reduced amplitude. 


The Gould 2400 has 12 chart speeds. 
Twelve chart speeds from 0.05 to 200 mm/sec are 
pushbutton selected and activated by either front 
panel or remote controls. A front panel paper. 
supply indicator operates like a fuel gauge and. a 
pilot lamp lights up when a new roll is required - 
assuring full usage of the entire paper supply. 


The Gould 2400's modular design m 
ease of service. The Gould 2400's ink shutot 
valves, adjustment pots, penmotors, drive motor | 
and the transmission are all readily accessible. 
Disposable ink cartridges are easily replaced in 
seconds. 


The Gould 2400 comes with many 
exclusives. The Gould pressurized inking system 
gives you the highest quality traces, 

with no smudges, smears, skips or 
puddles. Our Metrisite non-contact 

servo loop feedback device eliminates 
slide wires and guarantees a better 

than 99.6596 linearity. Our recorders 

have a rectilinear presentation 

rather than a curvilinear one. And 

our high penmotor stiffness (100 
grams/mm) provides an unexcelled 

rise time. 


The Gould 2400: the 

ultimate performer for 

biophysical recording. : 
Take a first hand look at our new 2400 wide ch 
recorder. See for yourself why we say it's the 
performing direct writing recorder on the mark 
today. Call your nearest Gould Sales Engineer 
arrange a demonstration. Or write Gould Inc., 
Instrument Systems Division, 3631 Perkins Aven 
Cleveland, Ohio 44114. Or Kouterveldstraat 13, : 
1920 Diegem, Belgium. 





" esr ren we 
ii perlipidemia is 
one of several factors! searc 


c 


Complete lipid work-up should include both cholesterol 


and triglyceride determinations 


Testing for both lipids—rather than just for cholesterol alone— increases 


the chances of detecting hyperlipidemia from 60% to over 9596.2 


Lab results indicate pattem 
of lipid abnormality 


When initial determinations of fasting 
serum cholesterol and triglyceride levels 
indicate the presence of hyperlipidemia, 
the pattern of the lipid abnormality 
should also be determined.? 

When lipid elevations are confirmed, 
underlying disease states that may alter 
lipid metabolism should be ruled out 
through history, physical examination, 
and appropriate laboratory tests. Effec- 
tive treatment of these pathologic condi- 
tions, if they exist, will often return the 
elevated lipids to a normal range. In the 
absence of an underlying cause, elevated 
lipid levels indicate a primary hyper- 
lipidemia. 





Therapy begins- but does not 
necessarily end- with specific 
dietary recommendations 

Diet (specific for the lipid abnormality) 
is the starting point in the management 
of primary hyperlipidemia, and in the 


NUI 





(Photographs professionally po: 


relatively rare Type I hyperlipoproteir 
emia itis the only therapy since current 
available drugs are ineffective. But in 
the drug-responsive types (Types IIa, 
IIb, III, IV and V) diet alone may fail tı 
lower lipids adequately. 


Drug therapy is often 
necessary as an adjunct to d 
Convincing the asymptomatic hyperlij 
demic patient to give up his favorite 
foods for benefits he may not feel is, at 
best, a difficult task. Even under care- 
fully monitored dietary regimens, lipic 
reductions may be inadequate.‘ For the 
reasons it is often necessary to add an 
antilipemic agent to the dietary regime 
to produce a significant reduction in 
serum lipids. 


AN IMPORTANT NOTE: It has not been established whether the drug-induced lowering of serum cholesterol or lipid 
levels has a detrimental, beneficial, or no effect on the morbidity or mortality due to atherosclerosis or coronary heart disease. 


Several years will be required before current investigations will yield an answer to this question. 





orand vigorously trea 


Along with early hypertension, excessive 
cigarette smoking and dietary indiscre- 
tions, it is one of the few manifestations 
of modern society that an individual 
physician can attempt to control."! 

This is how one clinician views hyper- 
lipidemia—a condition widespread in 
America today. The treatment he speaks 
of often calls for a dietary regimen spe- 
cific for the lipid abnormality plus an 
antilipemic agent. And since many hy- 
perlipidemic patients exhibit elevations 
of both cholesterol and triglycerides, 
they need a drug such as Arromip-S 
(clofibrate), which has the ability to 
lower both lipids. 


Atromid-S significantly reduces 
cholesterol and triglycerides—often in 
patients unresponsive to diet* 

ATROMID-S as an adjunct to diet has 
a proven record of effectiveness in lower- 
ing serum elevations of both cholesterol 
and triglycerides.5- 

Although most hyperlipidemic pa- 
tients are asymptomatic, a small number 
may exhibit skin lesions or xanthomas. 
Regression of xanthomatous lesions with 
Atromiv-S visually demonstrates the 
efficacy of this lipid-lowering agent. In 
some patients xanthomas disappear 
completely. In others the size and num- 
ber of lesions are reduced. 


Continuous treatment, maintenance of 
daily dosage vital to long-term control 
Reliable cholesterol- and triglyceride- 





lowering effect is usually sustained as 
long as ArROMID-S treatment is uninter- 
rupted. This ability to maintain control 
of serum lipids for extended periods is 
of primary importance in treating a dis- 
order as persistent as hyperlipidemia. 

ATROMID-S is effective in a simple, 
well-accepted regimen that patients can 
stay with. Initial and maintenance dos- 
age is 2 Gm. daily, in divided doses. 
Some patients may respond to a lower 
dosage. To maintain continuous control 
of lipid levels, therapy should be un- 
interrupted. 

The lipid-lowering effect of ArRoM1D-S 
is usually noted during the first month 
of therapy. The higher the initial level, 
the greater the lipid reduction likely to 
occur. 

If response is inadequate after three 
months of therapy, the drug should be 
discontinued. However, if xanthoma 
tuberosum is present, treatment should 
continue for longer periods (even up to 
one year) provided there is a reduction in 


the size and/or number of the xanthomas. 


10 years of successful overall clinical 
experience with Atromid-S 

Throughout more than ten years of 
widespread use, ATROMID-S has proven 
to be an effective and very well-tolerated 
drug. However, before prescribing, you 
should be thoroughly familiar with the 
possible adverse reactions as well as with 
the precautions and warnings described 
on the last page of this advertisement. 


tromid- 


Brand of 


clofibrate 


p 


Periodic follow-up important 
Once blood lipids have been stabilized 
at normal levels on a regimen of diet and 
ATROMID-S, the patient should be exam- 
ined and his blood lipids tested every 
two to three months during the first year 
or so. If stabilization at such lower levels 
is maintained over this period, the inter- 
vals between measurements can be 
lengthened. 


helps control thelipidfactor 
inyour patient's profile 


IF GIVEN IN CONJUNCTION WITH ANTICOAGULANTS 
WARNING: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOS- 
AGE OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE-HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN 
THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMI- 
NATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS BEEN STABILIZED. 


See last page of advertisement for prescribing information. 
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helps reduce elevated cholesterol 
and/or wigi ceride levels — 
not just cholesterol alone 


Initial and maintenance dosage: 
2 Gm. daily (four capsules), 


in divided doses. Some patients 
may respond to a lower dosage. 





BRIEF SUMMARY 

(For full prescribing information, see package circular.) 
ATROMID-S® (clofibrate) 

Antilipidemic agent for reduction of elevated serum lipids 


: . INDICATIONS: Arromiv-S is indicated as adjunctive therapy to diet and 


other measures for the reduction of elevated serum cholesterol (especially the 

beta lipoprotein fraction) and/or triglvcerides. Clofibrate appears to have a 

greater depressant effect on the very low density lipoproteins (Sr 20-400) 

~ rich in triglycerides than the low density lipoproteins (Sr 0-20) rich in 
cholesterol. 


| ArnoMiD-$ is also indicated for treatment of patients with xanthoma tuberosum 


associated with hyperlipidemia. The skin lesions frequently regress with 
clofibrate. 


- It has not been established whether the drug-induced lowering of serum 


- cholesterol or lipid levels has a detrimental, beneficial, or no effect on the 
morbidity or mortality due to atherosclerosis or coronary heart disease. Sev- 
eral years will be required before current investigations will yield an answer 
to this question, 

CONTRAINDICATIONS: Clofibrate is contraindicated in pregnant women. 


- "While teratogenic studies have not demonstrated any effect attributable to 


is 


clofibrate, it is known that serum of the rabbit fetus accumulates a higher 
- concentration of clofibrate than that found in maternal serum, and it is pos- 
` sible that the fetus may not have developed the enzyme system required for 

the excretion of clofibrate. 

]t is contraindicated in lactating women since it is not known if clofibrate 

is secreted in the milk. 

It is contraindicated in patients with clinically significant hepatic or renal 

dysfunction. 

It is contraindicated in patients with primary biliary cirrhosis since it may 

raise the already elevated cholesterol in these cases. 

WARNINGS: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 

LANTS ARE GIVEN IN CONJUNCTION WITH ATROMID-S. THE DOSAGE 

OF THE ANTICOAGULANT SHOULD BE REDUCED USUALLY BY ONE- 

HALF (DEPENDING ON THE INDIVIDUAL CASE) TO MAINTAIN THE 

PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT BLEEDING 

COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS ARE 

ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 

PROTHROMBIN LEVEL HAS BEEN STABILIZED. 


| Strict birth control procedures must be exercised by women of childbearing 


potential. In patients who plan to become pregnant, clofibrate should be with- 
drawn several months before conception. Because of the possibility of preg- 
nancy occurring despite birth control precautions in patients taking clofibrate, 
the possible benefits of the drug to the patient must be weighed against pos- 
sible hazards to the fetus. 


- PRECAUTIONS: Before instituting therapy with clofibrate, attempts should 


be made to control serum lipids with appropriate dietary regimens, weight 
loss in obese patients, control of diabetes mellitus, etc. 
` Because of the long term administration ef a drug of this nature, adequate 
base line studies should be performed to determine that the patient has 
significantly elevated serum lipid levels. Frequent determinations of serum 
. lipids should be obtained during the first few months of Arromip-S adminis- 
- tration, and periodic determinations thereafter. The drug should be withdrawn 
after three months if response is inadequate. However, in the case of xanthoma 
tuberosum, the drug should be employed for longer periods (even up to one 
_ year) provided that there is a reduction in the size and/or number of the 
- xanthomata. 
Subsequent serum lipid determinations should be done to detect a paradoxical 
. rise in serum cholesterol or triglyceride levels. Clofibrate will not alter the 
seasonal variations of serum cholesterol peak elevations in midwinter and late 
summer and decreases in fall and spring. If the drug is discontinued, the pa- 
tient should be placed on an appropriate hypolipidemic diet, and his serum 
lipids should be monitored until stabilized. as a rise in these values to or 
above the original base line may occur. 
During clofibrate therapy, frequent serum transaminase determinations and 
other liver function tests should be performed since the drug may produce 
— abnormalities in these parameters. These effects are usually reversible when 
the drug is discontinued. Hepatic biopsies are usually within normal limits. If 
the hepatic function tests steadily rise or show excessive abnormalities, the 


drug should be withdrawn. Therefore use with caution in those patients with 
a past history of jaundice or hepatic disease. 
Clofibrate may produce "flu like" symptoms (muscular aching, soreness, 
cramping). The physician should differentiate this from actual viral and/or 
bacterial disease. : 
Use with caution in patients with peptic ulcer since reactivation has been 
reported. Whether this is drug-related is unknown. 
Complete blood counts should be done periodically since anemia, and more 
pri aaa leukopenia have been reported in patients who have been taking 
clofibrate, 
Various cardiac arrhythmias have been reported with the use of clofibrate. 
Several investigators have observed in their studies that clofibrate may pro- 
duce a decrease in cholesterol linoleate but an increase in palmitoleate and 
oleate, the latter being considered atherogenic in experimental animals. The 
significance of this finding is unknown at this time. 
ADVERSE REACTIONS: Of the pertinent reactions, the most common is - 
nausea. Less frequently encountered gastrointestinal reactions are vomiting, 
loose stools, dyspepsia, flatulence, and abdominal distress. Reactions reported 
less often than gastrointestinal ones are headache, dizziness, and fatigue; mus- 
cle cramping, aching, and weakness; skin rash, urticaria, and pruritus; dry 
brittle hair, and alopecia. 
The following reported adverse reactions are listed alphabetically by systems: 
Cardiovascular 

Increased or decreased angina 

Cardiac arrhythmias 

Both swelling and phlebitis at site of xanthomas 
Dermatologic 

Skin rash 

Alopecia 

Allergic reaction including urticaria 

Dry skin and dry brittle hair 

Pruritus 
Gastrointestinal 

Nausea 

Diarrhea 

Gastrointestinal upset (bloating, flatulence, abdominal distress) 

Hepatomegaly (not associated with hepatotoxicity) 

Vomiting 

Stomatitis and gastritis 
Genitourinary 

Impotence and decreased libido 

Findings consistent with renal dysfunction as evidenced by dysuria, hema- 

turia, proteinuria, decreased urine output. One patient's renal biopsy 
suggested “allergic reaction.'" 

Hematologic 

Leukopenia 

Potentiation of anticoagulant effect 

Anemia 

Eosinophilia 
Musculoskeletal 

Myalgia (muscle cramping, aching, weakness) 

“Flu like" symptoms 

Arthralgia 
Neurologic 

Fatigue, weakness, drowsiness 

Dizziness 

Headache 
Miscellaneous 

Weight gain 

Polyphagia 
Laboratory Findings 

Abnormal liver function tests as evidenced by increased transaminase 

(SGOT and SGPT), BSP retention, and increased thymol turbidity 

Proteinuria 

Increased creatine phosphokinase 
Reported adverse reactions whose direct relationship with the drug has not 
been established: peptic ulcer, gastrointestinal hemorrhage, rheumatoid arthri- 
tis, tremors, increased perspiration, systemic lupus erythematosus, blurred 
vision, gynecomastia, thrombocytopenic purpura. 
DOSAGE AND ADMINISTRATION: Initial: The recommended dosage for 
adults is 2 Gm. daily, in divided doses. Some patients may respond to a lower 
dosage. Maintenance: Same as for initial dosage. Note: In children, insufficient 
studies have been done to show safety and efficacy. 
DRUG INTERACTIONS: Caution should be exercised when anticoagulants 
are given in conjunction with Arromip-S (clofibrate). The dosage of the antico- 
agulant should be reduced usually by one-half (depending on the individual 
case) to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has 
been definitely determined that the prothrombin level has been stabilized. 
MANAGEMENT OF OVERDOSAGE: While there has been no reported case 
mi; DATEN should it occur, symptomatic supportive measures should be 
taken. 
HOW SUPPLIED: Arromip-S—No. 243—Each capsule contains 500 mg. clofi- 
brate, in bottles of 100. 
References: 1. La Bree, J., M.D. (Director of Medical Education, St. Mary's 
Hosp., Minneapolis, Minn.): Unraveling the Metabolic Mysteries Affecting 
Diagnosis and Therapy, Ayerst Laboratories, 1972, p. 13. 2. Fredrickson, D. S., 
et al., in Holmes, W. L., Carlson, L. A., and Paoletti, R.: Drugs Affecting Lipid 
Metabolism, New York, Plenum Press, 1969, vol. 4, p. 314. 3. Levy, R. I., in 
Conn, H. F.: Current Therapy 1973, Philadelphia, Saunders, 1973, p. 267. 
4. Parsons, W. B., Jr.: Clin. Med. 78:15 (Nov.) 1971. 5. Gelfand, M. L., and 
Garber, M.: Exhibit, American College of Cardiology Meeting, New Orleans, 
La., Feb. 21-Mar. 1, 1970. 6. Berkowitz, D.: J.A.M.A. 218:1002 (Nov. 15) 1971. 
7. Zelis, R., et al.: J. Clin. Invest. 49:1007 (May) 1970. 8. Levy, R. I., and Fred- 
rickson, D. S.: Am. J. Cardiol. 22:576 (Oct.) 1968. 
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If youre prescribing diuretics, 
heres why you should prescribe 
100% pure Orange Juice from Florida. 


The usage of diuretics may cause potassium 
deficiency. 

Normally potassium deficiency is not encountered 
since it is a common nutrient found in many foods 
However, when halogenated thiazide diuretics (so use- 
ful in treating hypertension and edematous conditions) 
are prescribed, potassium depletion may be an un- 
wanted side effect. Just from the precautionary Y Y 
statements accompanying their labelling 


Orange juice can help in this situation. 
Since potassium preparations are expensive and often 
irritate the gastrointestinal tract, an effective method of 
preventing potassium depletion is using a diet contain- 
ing foods with an adequate amount of potassium 
Orange juice is such a food. An 8-oz. serving sup- 
us plies 470 mg. of potassium and only 2.4 mg 
Faa of sodium. This high potassium to sodium ratio 
approximately 200:1) provides a good basis 


A ll 
it is evident that potassium loss, particularly 27 ( N for effective preventive therapy with the 


in association with effective diuresis, is a 


common problem that can affect a large e? 


number of people 


Ye 


halogenated thiazide diuretic. Best of all, 
your patients will love the taste of de- 
M licious 100% pure Orange Juice from Florida 


FLORIDA ORANGE GROWERS 


SOURCE: The 


material in this ad has been taken from Dr. W. A. Krehls article, "The Potassium Depleti 


n Syndrome” published in the June. 1966 issue of Nutrition Today. 
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Prana diy lost. 


Acardiac patients anxiety 
and associated depressive symptoms 
. can often delay active participation 
in rehabilitation for days or even weeks. 


the ospital's protective 
phere, the cardiac patient may have 
se med reasonably calm and coopera- 
vell on his w ay to the kind of emo- 
nal adjustment that many patients 
age to make after a heart attack. But 
he's back home, and must face the 
"ledge that life may never again be 
quite the same. Suddenly, he may be- 
come more anxious than he’s ever been 
before. More fearful about the future. 
his steadily mounting anxiety and 
tension—often accompanied by associ- 
depressive symptoms—can make it 
ficult for him to attempt rehabilitation. 


o your nue) support iid 
iseling efforts. But when excessive 
'hic dérision—with or without associ- 

ited depressive features—continues to 
mpede rehabilitative progress, Valium 
(diazepam) can be extremely helpful. 
The psychotherapeutic effect of Valium 
frequently both pronounced and 
id: quite often, the patient experi- 
'nces significant relief of emotional dis- 
during the first few days of therapy 
therefore, ready that much 
rto take a more active part in his 
1 recovery. (Some patients, of 
rse, may require more time to obtain 
r-cut response. E 


An important a ein 
the cardiac patient: V alam aan 


1s used with most classes of primary - 


medications such as cardiac glycosides, 
anticoagulants, diuretics and vasodila- - 
tors. Since it's available as scored tablets, 
Valium allows you to set, adjust and re- 
adjust dosage as appropriate during ther- 
apy. And it’s often helpful to add an b.s. 
dose to a b.i.d. or t.i.d. regimen if the 


j patient’ s anxiety and secondary depres- 


sive symptoms worsen at bedtime. 

In recommended doses, oral 
Valium generally does not cause signifi- 
cant adverse effects on vital signs; how- 
ever, lower initial doses (2 to 2% mg 
once or twice daily) should be used with 
elderly or debilitated patients to help ` 
avoid ataxia or oversedation. Physicians 
should be aware of the possibility of 
other side effects described in complete 
product information. 


Before prescribing, please see 
complete product information, 
a summary of which appears on 
the next page. 


(diazepam) 


2-mg, 5-mg 10-mg scored tablets 
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Prompt and effective action 

Valium acts promptly to help relieve psychic ten- 
sion and its associated depressiv e symptoms in the 
psychoneurotic cardiac patient. 


Wide margin of safety 

At recommended dosages, oral Valium is generallv 
well tolerated and does not significantly affect 
respiration, pulse or heart rate. 


Before prescribing, please consult complete 
product information, a summary of which follows: 
Indications: Tension and anxiety states; somatic 
complaints which are concomitants of emotional fac- 
tors; psychoneurotic states manifested by tension, anxi- 
ety, apprehension, fatigue, depressive symptoms or 
agitation; symptomatic relief of acute agitation, tremor, 
delirium tremens and hallucinosis due to acute alcohol 
withdrawal; adjunctively in skeletal muscle spasm due 
to reflex spasm to local pathology; spasticity caused by 
upper motor neuron disorders; athetosis; stiff-man syn- 
drome; convulsive d:sorders (not for sole therapy). 
Contraindicated: Known hypersensitivity to the 
drug. Children under 6 months of age. Acute narrow 
angle glaucoma; may be used in patients with open 
angle glaucoma who are receiving appropriate therapy. 
Warnings: Nct of value in psychotic patients. 
Caution against hazardous occupations requiring com- 
plete mental alertness. When used adjunctively in 
convulsive disorders, possibility of increase in frequency 
and/or severity of grand mal seizures may require 
increased dosage of standard anticonvulsant medication; 
abrupt withdrawal may be associated with temporary 
increase in frequency and/or severity of seizures. Advise 
against simultaneous ingestion of alcohol and other 
CNS depressants. Withdrawal symptoms (similar to 
those with barbiturates and alcohol) have occurred 
following abrupt discontinuance (convulsions, tremor, 
ab^ land muscle cramps, vomiting and sweating). 
7 pe prone individuals under careful sur- 
ause of their predisposition to habituation 
‘ce. In pregnancy, lactation or women of 
^ poen potential benefit against possi- 








MF combined with other psycho- 
^nts, consider carefully pharma- 


40 inhibitors and other anti- 


“sd; drugs such as phenothiazines, 


b For the cardiac patient’ 
! psychoneurotic AUR and 
associated depressive symptoms. 


Valium (diazepam) : 


2-mg, 5-mg, l0-mg scored tablets 


Flexible dosage 

Valium, available as 2-mg, 5-mg and 10-mg scored 
tablets, allows dosage to be easily readjusted to 
suit patients’ changing needs. 


Predictable pharmacokinetically 
Pharmacokinetic studies of Valium demonstrate a 
highly predictable pattern of absorption, distribu- 
tion, metabolism and excretion. 


depressants may potentiate its action. Usual precautions . 
indicated in patients severely depressed, or with latent 
depression, or with suicidal tendencies. Observe usual 
precautions in impaired renal or hepatic function. Limit 
dosage to smallest effective amount in elderly and debil- 
itated to preclude ataxia or oversedation. 

Side Effects: Drowsiness, confusion, diplopia, 
hypotension, changes in libido, nausea, fatigue, depres- 
sion, dysarthria, jaundice, skin rash, ataxia, constipation, 
headache, incontinence, changes in salivation, slurred 
speech, tremor, vertigo, urinary retention, blurred 
vision. Paradoxical reactions such as acute hyperexcited 
states, anxiety, hallucinations, increased muscle spas- 
ticity, insomnia, rage, sleep disturbances, stimulation 
have been reported; should these occur, discontinue 
drug. Isolated reports of neutropenia, jaundice; periodic 
blood counts and liver function tests advisable during 
long-term therapy. 

Dosage: Individualize for maximum beneficial 
effect. Adults: Tension, anxiety and psychoneurotic 
states, 2 to 10 mg b.i.d. to q.i.d.; alcoholism, 10 mg t.i.d. 
or q.i.d. in first 24 hours, then 5 mg t.i.d. or q.i.d. as 
needed; adjunctively in skeletal muscle spasm, 2 to 10 
mg t.i.d. or q.i.d.; adjunctively in convulsive disorders, 2 
to 10 mg b.i.d. to q.i.d. Geriatric or debilitated patients: 
2 to 2? mg, 1 or 2 times daily initially, increasing as 
needed and tolerated. (See Precautions.) Children: 1 to 
2 mg t.id. or q.i.d. initially, increasing as needed and 
tolerated (not for use under 6 months). 

Supplied: Valium®(diazepam) Tablets, 2 mg, 5 mg 
and 10 mg—bottles of 100 and 500; Tel-E-Dose® 
packages of 100, available in trays of 4 reverse- DS 
boxes of 25, and in boxes containing 10 strips of 10; Pre- 
scription Paks of 50, available singly and in trays of 10. 


Roche Laboratories 
& Division of Hoffmann-La Roche Inc. 
n. Nutley, New Jersey 07110 





No eth r nitr- .--ly- erin ta^l +t 


offers you all. . 






these advantages: 
- New level of stability’ 


without sacrifice of disintegration time 
without sacrifice of bioavailability 


New level of tablet elegance 

™ — Minimal crumbling or powdering; controlled 
i | nitroglycerin volatility; yet disintegrates in vitro as 
USP) j quickly as other nitroglycerin tablets tested; 


: Sublingual Table® | minimum deterioration with time or exposure 
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X 5 (itgycerin tablets US 
; t Sublingual Table 
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i D 
lon: Federal law proh " 
: fspensing without presen y 


New level of convenience 
Color-coded tablets as well as labels for easier 
identification; lessens patient confusion; eases 
patient conversion (strength or brand). 








Please send patient-starter samples of NITROPRN™ 
(nitroglycerin, USP) sublingual tablets. 


Street 


City State Zip 


Authorized Signature 


68 
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. The most stable 
nitroglycerin tablet yet 


ALL NITROGLYCERINS START OUT POTENT. HOWEVER, DELIBERATELY DEMANDING 
TEST CONDITIONS SHOWED NITROPRN RETAINED POTENCY LONGER: 






STABILITY RESULTS 


Room Temperature Storage in Open Containers 


Dus 


After 1 week, NITROPRN could deliver 90% 


Nitropri nitroglycerin; after 4 weeks, it could still deliver 
i LEE, 76% nitroglycerin potency. Yet NITROPRN 

in vitro disintegration time is either superior or 
| equal to that of other brands of nitroglycerin 


oo 
eo 





pennies more than other nitroglycerins. 


E 
E 
> 60 
& winpciveen sees tablets tested. This consistent level of stability 
| o FELL CONSIDERABLY insures potency from tablet to tablet, and 
: z BELOW THIS LEVEL assures the angina patient the protection he 
E z needs from attack to attack. 
P 52 Yet NITROPRN costs only 
F 





2 
DURATION IN WEEK 





(Patients sometimes leave their ~~ lycerin exposed. The open-dish method, 
a most demanding stability test, shows that Nitroprn retains its potency 
wan under extreme exposure, thus protecting even careless patients.) 


/—— NITROPRN: 








e,o 
1 (nitroglycerin, USP) sublingual tablets azo) | asos | aA0080 


Ld 


classic therapy 
enhanced by 
innovations of 
modern technology 









=> 


047 iTROPRNT 
E Su xus 
b ‘mop 1 "T d 
4 M NTROPRÉ Perner cnis $ 
p 
| 
B 
| 
E 


Pe a a Sa a a a n | H in Tae 


First Class 
Permit #2 


Morris Plains 
New Jersey 





NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


L BUSINESS REPLY MAIL 


M m Ra m n m m nm n i MÀ a Ma Rata € À M À —— € — À— — — € — — —  — 


3 Postage will be paid by: Warner Chilcott 
i Division. 

- Warner/Chilcott (Mo) Ware ter Cp 
f Division, New Jersey 07950 


Warner-Lambert Company, 
201 Tabor Road, 
Morris Plains, New Jersey 07950 


Attention: P. J. Martin 


*Methods used: The semi-automated Content 
Uniformity Assay based on the procedure of 
Fusari, S.: J. Pharm. Sci. 62:122 (1973), with 
modifications bythe Applied Analytical Research 
Laboratories of Warner-Lambert Company. Data 
on file, Warner-Lambert Research Institute. 
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Safe in sound. 


Probe your patients with 
sound. And record clear 
echo patterns on Kodak 
Linagraph direct print 
paper, type 2167. 
Ultrasonic examination 
has become a useful 
technique to diagnose 
structural and functional 
cardiac abnormalities. 
When used for ultrasonic 
applications, 2167 paper 
offers fast pop-up, excellent 


image stability, and high 
contrast—with no chemical 
processing. 

For details, write 
Eastman Kodak Company, 
Dept. 412L (260-C), 
Rochester, N.Y. 14650. 


RESULTS 
COUNT 


y Kodak Linagraph 
direct print paper, type 2167 








Effective in mild to moderate 


essential hypertension/edema 






where indicated Zarioxo à 
M ly 


etolazone [JENNWALT 


Effective in hypertension 


initial effect may be seen in three to four 
days * optimum effect usually in three to 
four weeks * compatible * useful even in 
hypertensives with congestive heart failure/ 
compromised GFR * once-daily dosage * 
economical 


Effective in indicated edema 


onset of diuresis usually within one hour * 
diuresis sustained for 12-24 hours— or 
longer —from single daily dose * effective 
in congestive heart failure and/or renal 
disease...including the nephrotic 
syndrome * effective at GFRs of 20 ml/min 
and below * once-daily dosage * 
economical 














Demonstrated clinically and 
statistically significant blood 
pressure reductions 


Supine diastolic 
blood pressure 


Supine systolic 
blood pressure 


20 


The charts above report the results of a 
20-week study conducted at the 
Hahnemann Medical College and Hospital. 
Included were 33 patients with long- 
standing mild to moderate essential 
hypertension. 

During the placebo period (A-B) blood 
pressure rose from prior treatment 
level. The dramatic effect of Zaroxolyn® 
(metolazone) on both systolic and diastolic 
blood pressures is shown in the shaded 
area (B-C). Increasing the dosage of 
Zaroxolyn to 5 mg b.i.d. or t.i.d. was 
shown to be unnecessary (C-D). 


Enhances the antihypertensive 
effect of other agents 


Zaroxolyn® (metolazone) is compatible 
with most drugs used in hypertensive and 
cardiovascular therapy. In the most severe 
degrees of hypertension, when Zaroxolyn 
is added to existing antihypertensive 
therapy, it often potentiates the effect of 
that therapy. For that reason, it is generally 
advisable to reduce the dosage of the first 
antihypertensive when adding Zaroxolyn— 
this is particularly true in the case of the 
ganglionic blockers. 


Rapid, sustained diuresis in 
congestive heart failure/renal 
disease, including the nephrotic 
syndrome 





~ 420 1440 


60 120 
Time (minutes) after dose 


4 180 
CONTROL 


Time-course of urinary sodium excretion 
(Un) after 5-mg and 20-mg dose of 
oral metolazone (Zaroxolyn). Adapted 
from Materson, et al.: Oral metolazone: 
effects on urine composition in water- 
loaded normal man. 

In both congestive heart failure and renal 
disease, diuresis with Zaroxolyn usually 
starts within one hour and persists for 12 
to 24 hours—or longer— depending on 
:dosage. In all cases, a single dose is 
recommended. 


Familiar thiazide-like side effects 


These side effects seen with Zaroxolyn in 
all indications are similar in type, 
frequency, and magnitude to those seen 
with the thiazides. To date it has not been 


possible to establish an LDso for Zaroxolyn. 


REFERENCES: 

1. U.S. Patent No. 3,360,518. 

2. Shetty BV, Campanella LA, Thomas TL et al: Synthesis and 
activity of some 3-aryl- and 3-aralkyl-1,2,3,4-tetrahydro-4-oxo-6- 
quinazolinesulfonamides. J Med Chem 13:886-895, 1970. 

3. Swartz WB: The effect of sulfanilamide on salt and water 
excretion in congestive heart failure. New England J Med 
240:173, 1949. 

4. Hypertension Roundtable: Hypertension 1973, Which 
Hypertensives to Treat and How? Patient Care, pp 23-55, 

April, 1973. 

5. Pharmaceutical Division, Pennwalt Corporation: records and 
reports on file. 

6. Cohen Al, Hinsvark ON: Distribution and Excretory Pattern 

of the Diuretic SR720-22(7-Chloro-1,2,3,4-tetrahydro-2-methyl-4- 
oxo-3-0-tolyl-6-quinazolinesulfonamide-2-14C). Fed Proc 28:798, 
1969. 

7. Cohen Al, Hinsvark ON: Comparative binding of 14C-Zaroxolyn, 
a new diuretic, to blood fractions and the pattern of metabolites 
in man and other species. Proc Can Fed Biol Soc 13:155, 1970. 
8. Cohen Al, Hinsvark ON, Sullivan DJ: Metabolism of 
14C-metolazone, a new diuretic, in naive and chronically treated 
dogs and monkeys. Toxicol App! Pharmacol 17:285, 1970. 

9. Cohen AI, Hartman AD, Hinsvark ON et al: Physiologic 
disposition of a new diuretic, !4C-metolazone, in dogs. 

J Pharm Sci 62:931-936, 1973. 

10. Fotiu S, Finnerty FA, Mroczek WJ: Metolazone and 
chlorthalidone in hypertension—a double blind evaluation. 

Int Res Commun Syst, March 1973. 


(Please see last page for prescribing 
information) 
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Metolazone FSENNWALT 


Prescribing Information: 





XO, ® 


Recommended Dosages Zaroxolyn* (metolazone) 


Mild to moderate essential 


hypertension 


2'; to 5 mg once daily 


Edema of cardiac failure 5 to 10 mg once daily 
Edema of renal disease 5 to 20 mg once daily 


NOTE: The daily dosage depends on the severity of each patient's condition, his 
sodium intake, and his responsiveness. Therefore, dosage adjustment is usually 
necessary during the course of therapy. 


ZAROXOLYN® (Metolazone) Brief Summary 
INDICATIONS: ZAROXOLYN (Metolazone) is 
indicated for the treatment of edema accom- 
panying congestive heart failure and renal 
disease, and to reduce blood pressure in the 
managemen: of mild to moderate essential 
hypertension. 


CONTRAINDICATIONS: Anuria, Hepatic coma 
or pre-coma; Allergy or hypersensitivity to 
ZAROXOLYN. 

The routire use of diuretics in an otherwise 
healthy pregnant woman, with or without mild 
edema, is contraindicated and possibly haz- 
ardous. 


WARNINGS: While not reported to date, cross- 
allergy theoretically may occur when ZAROX- 
OLYN is given to patients known to be allergic 
to sulfonamide-derived drugs, thiazides, or 
quinethazone. 

Hypokalemia may occur, with consequent 
weakness, cramps, and cardiac dysrhythmias. 
It is a particular hazard in digitalized patients; 
dangerous o: fatal arrhythmias may be precipi- 
tated. 

Azotemia and hyperuricemia may be noted 
or precipitated during the administration of 
ZAROXOLYN. Infrequently, gouty attacks have 
been reported in persons with history of gout. 
Discontinue ZAROXOLYN if azotemia and oli- 
guria worsen during treatment of patients with 
severe renal disease. 

Presently, ZAROXOLYN is not recommended 
for pediatric patients. 

ZAROXOLYN will, on occasion, exhibit con- 
siderable potentiation when administered con- 
currently with furosemide. Excessive, massive 
volume and electrolyte depletion may result. 
Exert care, especially during initial therapy, 
when using ZAROXOLYN with other antihyper- 
tensives. Dosage of other antihypertensive 
agents, especially the ganglionic blockers, 
should be reduced. 

Use of ZAROXOLYN with a potassium- 
sparing diuretic may potentiate diuresis; dos- 
age should be reduced. Potassium retention 
and hyperkalemia may result; serum potassium 
should be determined frequently. Potassium 
supplementation is contraindicated when a 
potassium-sparing diuretic is given. 

USAGE IN PREGNANCY (See Contraindica- 
tions): Since ZAROXOLYN crosses the 
placenta, and appears in the cord blood, its 
administration to women of child bearing age 
requires that the potential benefits of the drug 
be weighed egainst its possible hazards to the 
fetus. The potential effects on the fetus include 
fetal or neonatal jaundice, thrombocytopenia, 
and possibly other adverse reactions which 
have occurred in the adult. 

NURSING MOTHERS: ZAROXOLYN appears in 
breast milk. Thus it is possible that the effects 
of ZAROXOLYN may occur in the newborn. If 
the use of ZAROXOLYN is deemed essential 
for a nursing mother, the patient should stop 
nursing. 

PRECAUTIONS: Periodic assessment of serum 
electrolytes, blood urea nitrogen, uric acid, 


For patients with congestive 
cardiac failure who tend to 
experience paroxysmal nocturnal 
dyspnea, it is usually advisable to 
employ a dosage near the upper 
end of the range, to ensure 
diuresis for a full 24-hour period. 

IMPORTANT: Zaroxolyn may 
markedly potentiate the action of 
furosemide, and when the two 
agents are used in concert, the 
physician should keep a careful 
watch. 

Zaroxolyn may also enhance 
the effect of other diuretics and 
antihypertensives, and it is good 
practice to reduce the dosage of 
these other agents — particularly 
the ganglionic blockers— when 
adding Zaroxolyn to existing 
therapy. 


and glucose levels should be made at intervals 
during therapy. 

Patients receiving ZAROXOLYN (Metolazone) 
therapy should be observed for clinical signs 
of fluid and/or electrolyte imbalance; namely, 
hyponatremia, hypochloremic alkalosis, and 
hypokalemia. Serum and urine electrolyte 
determinations are particularly important when 
the patient is vomiting excessively or receiv- 
ing parenteral fluids. Medication such as digi- 
talis may also influence serum electrolytes. 
Warning signs, irrespective of cause, are: dry- 
ness of mouth, thirst, weakness, lethargy, 
drowsiness, restlessness, muscle pains or 
cramps, muscular fatigue, hypotension, oligu- 
ria, tachycardia, and gastrointestinal disturb- 
ances such as nausea and vomiting. 

Serum potassium should be determined reg- 
ularly, and petassium supplementation insti- 
tuted as indicated. Hypokalemia will be more 
common in association with intensive or pro- 
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Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester, New York 14623 





longed diuretic therapy, with concomitant 
steroid or ACTH therapy, and with inadequate 
electrolyte intake. 

While not reported to date for ZAROXOLYN 
(Metolazone), related diuretics have increased 
responsiveness to tubocurarine and decreased 
arterial responsiveness to norepinephrine. Ac- 
cordingly, it may be advisable to discontinue 
ZAROXOLYN three days before elective 
surgery. 

Observe caution when administering ZAROX- 
OLYN to hyperuricemic or gouty patients. ZA- 
ROXOLYN exerts minimal affects on glucose 
metabolism; insulin requirements may be 
affected in diabetics, and hyperglycemia and 
glycosuria may occur in patients with latent 
diabetes. 

Chloride deficit and hypochloremic alkalosis 
may occur. In patients with severe edema ac- 
companying cardiac failure or renal disease, a 
low-salt syndrome may be produced; hot 
weather and a low-salt diet will contribute. 

Observe caution when administering ZAROX- 
OLYN to patients with severely impaired renal 
function. As most of the drug is excreted by 
the renal route, cumulative effects may be seen 
in this circumstance. 

Orthostatic hypotension may occur; this may 
be potentiated by alcohol, barbiturates, nar- 
cotics, or concurrent therapy with other anti- 
hypertensive drugs. 

While not reported for ZAROXOLYN, use of 
other diuretics has been associated on rare 
occasions with pathological changes in the 
parathyroid glands, with hypercalcemia and 
hypophosphatemia. 


ADVERSE REACTIONS: Gastrointestinal reac- 
tions: Constipation, nausea, vomiting, ano- 
rexia, diarrhea, abdominal bloating, epigastric 
distress, intrahepatic cholestatic jaundice, 
hepatitis. Central nervous system reactions: 
syncope, dizziness, drowsiness, vertigo, head- 
ache. Cardiovascular reactions: orthostatic 
hypotension, excessive volume depletion, 
hemoconcentration, venous thrombosis, palpi- 
tation and chest pain. Hematologic: leuko- 
penia. Dermatologic-hypersensitivity: urticaria 
and other skin rashes. Other reactions: dryness 
of mouth, symptomatic and asymptomatic 
hypokalemia, hyponatremia, hypochloremia, 
hypochloremic alkalosis, hyperuricemia, hyper- 
glycemia, glycosuria, raised BUN or creati- 
nine; fatigue, muscle cramps or spasm, 
weakness, restlessness, chills and acute gouty 
attacks. 

Adverse reactions which occur with other 
diuretics, but have not been reported to date , 
for ZAROXOLYN include: pancreatitis, pares- 
thesias, xanthopsia, agranulocytosis, thrombo- 
cytopenia, aplastic anemia, purpura, 
photosensitivity and necrotizing angiitis (cuta- 
neous vasculitis). These reactions should be 
considered as possible occurrences with clin- 
ical usage of ZAROXOLYN. 

Whenever adverse reactions are moderate 
or severe, dosage should be reduced or ther- 
apy withdrawn. 


HOW SUPPLIED: Tablets, 212, 5 and 10 mg. 
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-NOW YOU CAN PARTICIPATE IN A MONTHLY AUDIOTAPE 
= PROGRAM EXCLUSIVE TO THE FIELD OF CARDIOLOGY - 


This multimedia (tapes, slides, printed booklet) audio tape program includes 60 minutes of clinicall 
oriented information on the art of diagnosis and treatment of cardiovascular disease to its subscriber 
each month. The audio cassette tapes include recorded panel discussions interviews with note 
authorities and self-assessment quizzes. In addition, 35 mm slides and a monthly personal continuin; 
education notebook are supplied as a part of this professional service. 
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. CMS — Clinical Monitoring Systems 
— is an advanced, computerized 

. monitoring system developed by B-D 
_ Electrodyne, a medical instrumenta- 

- tion division of Becton, Dickinson and 
Company: 

_ It provides more meaningful infor- 
“mation more quickly, and in a more 

- easily assimilated form, than conven- 
^ tional or even other computerized 

|. Systems. 

^ For example: 

Status. Composite, moment-to- 
moment status displays of each patient 









| 









Writer also labels 
strips with 
alphanumeric cata. 










Printer copies any 


ata Storage Unit 


c BAD and Electrodyne are trademarks of Becton Dickinson and Company. 





foreach variable. Easily visible, even at 
a distance. 

Rhythm history. 8 to 24 hour history 
of each patient. Display fills scope face. 

Trend graphs of any monitored 
variable. 

Selection of limits for any variable 
of any patient. 

Alphanumeric-labeled ECG strips. 
Each automatically labeled with time, 
date, bed number, patient name, 
status, beat classification. 

Hard copies of any display at any 
time. 

Medication report. Type, amount, 
time. 


ELECTRODYNE 


Division of Becton, Dickinson and Company 


Display — solid-trace, 
non-fade — with cascade, 
freeze, record controls 
beside each patient's display 


Alarm controls 









Minicomputer 





In addition, CMS can be added to 
any existing B-D Electrodyne system 
and may be purchased or leased. 

Obviously, there is much more to 
CMS than can be described in this 
space. To get details, send for CMS 
Booklet and abstract of an independ- 
ent clinical evaluation. B-D Electro- 
dyne, Division of Becton, Dickinson 
and Company, Sharon, MA 02067. 
617-828-9080. 
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Status/trend display shows 
status summaries 

for all patients, 

detailed summary for 

any patient, 
trend graph 

for any variable 
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Hard-copy printout of d 
Status 


tiated at alarm 
Patient Name 


condition. Can also be manually controlled. 
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lays for any variable 
Bed Number 
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ly readable d 


visible status summary on central station display 
, easi 


ECG or blood pressure waveform and alphanumeric 


being monitored. Can also be printed for 


permanent record. 
patient information. Automaticall 


Ongoing record of status, trends 
Automatically labeled stripchart 
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. precision quality control... 

. eassured tablet content uniformity’ 
- predictable patient response... 
proven biologic availability" 


Contraindications: There are no absolute contraindications to digitalis. However, in ventricular paroxysmal tachycardia or 
ventricular fibrillation, it should be used only in refractory cases not induced by digitalis intoxication and if heart failure 

has developed. 

Precautions: If the patient nas been given digoxin during the previous week or any other less rapidly excreted drug of 

the digitalis group during the previous two weeks, the dose of Lanoxin brand Digoxin must be reduced accordingly. 
Because of impaired renal function and excretion in elderly patients, they frequently require lower than recommended doses. 

Potassium loss in patients sensitízes the heart to digitalis intoxication even with recommended doses. The diuretic 
agents as well as electrolyte manipulations by the physician are major causes of potassium depletion in cardiac patients. 
Under these conditions, it may be necessary to reduce the usual dosages of Lanoxin brand Digoxin during digitalization 
and maintenance. 

Digoxin is usually ineffective in cases of cardiac failure due to mechanical causes which are independent of 
myocardial diseases, e.g., cardiac tamponade, or to disorders not primarily of cardiac origin, as severe anemia. Despite 
a variable or poor response to digoxin in the presence of active rheumatic carditis, the development of cardiac failure 
is an indication for its use. 

Effects of Overdosage and Treatment: The symptoms of overdosage with digoxin are quite similar to those occurring 
with other digitalis preparations. The most common toxic manifestations are anorexia, nausea, vomiting and various 
cardiac arrhythmias, including ventricular extrasystoles and paroxysmal supraventricular tachycardia or fibrillation with 
A-V block, In general, the gastrointestinal manifestations of toxicity with digoxin precede the cardiac arrhythmias 
occurring from overdosage. Furthermore, because of the rapid dissipation of digoxin, manifestations of toxicity are of short 
duration, usually lasting frorn a few hours to one or two days. 

If necessary, pctassium chloride may be administered as an intravenous infusion containing (adult dosage) 40 
milliequivalents in 500 cc. of 5% dextrose in water, given over the course of 1 hour and repeated, if required, until a total 
of 120 milliequivalents have been given (1 mEq. KCI — 74.5 mg.). Electrocardiographic monitoring should be conducted 
and the infusion halted immediately upon the appearance of peaking of the T-waves. For children, the intravenous 
infusion dosage of potassium chloride would be 5 to 10 milliequivalents in 100 cc. of 596 dextrose in water given over the 
course of 1 hour, repeated if required, to a total of 15 to 30 milliequivalents. For more serious intoxication with abnormal 
cardiac rhythms, potassium chloride may be given orally in divided doses totalling 4 to 6 grams per day (adults) or 
1 to 2 grams (children) provided renal failure is not present. 

LANOXIN® digoxin TABLETS. 0.125 mg. (yellow) in bottles of 100 and 1,000. 0.25 mg. (white) scored, 
in bottles.of 100, 500, 1,000 and 5,000; also Unit Dose Pack, strips cf 10 tablets, 10 boxes of 100 tablets (1,000). 

0.5. mg. (green) scored, in bottles of 100 and 1,000. 


= Lanoxin digoxin — 


: j Research Triangle Park 
*Complete literature avaliable on request from Professional Services Dept. PML. Wellcome | North Carolina 27709 
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An electrocardiographic computer program based on muttiv: 
ysis of orthogonal leads (Frank) was applied to records 
daily by telephone from the Veterans Administration H 
Roxbury, Mass., to the Veterans Administration Hospital, 
D. C. A Bayesian classification procedure was used to c 
bilities for all diagnostic categories that might be enc 
given record. Computer results were compared with interpr: 
conventional 12 lead tracings. Of 1,663 records transr 
were selected for the study because the clinical diagno: 
cases could be firmly established on the basis of inc 
nonelectrocardiographic information. Twenty-one percent 
ords were obtained from patients without evidence of cardi: 
and 79 percent from patients with various cardiovascular iline: 
agnostic electrocardiographic classifications were conside 
when in agreement with documented clinical diagnoses. Of 
sample of 1,192 recordings, 86 percent were classified 
computer as compared with 68 percent by conventional 
trocardiographic analysis. Improvement in diagnostic r 
computer was most striking in patients with hypertensive 

lar disease or chronic obstructive lung disease. The multi 
fication scheme functioned most efficiently when a p 
approach to diagnosis was simulated. This was accor 
simple method of adjusting prior probabilities according 
nostic problem under consideration. Es 


The first attempts to automate analysis of electrocardi 
computer were made in 1957 at our laboratory, ? and a 
program to separate normal from abnormal records 
tional in 1959.3 In succeeding years, several other: 
developed alternative methods for automated analy 
diograms. Comparison of the various approaches disc 
damental issues. Are existing methods of electrocat 

sis as practiced by the cardiologist satisfactory? She 
mated? Or should the capability of the computer 
complex analytical procedures be explored in t 


_ the methods currently used in clinical practic: 


these new techniques is multivariate analy: 








plex gai amni pe within. a reason- 
s here that the capacity of the com- 










































(pale As intriguing as this may sound, 
ming such ideas into reality is beset with 
which will be discussed here. 








ssifica ion of Electrocardiographic Computer 
|. Programs 


tion Computer Programs 


sifi cation of existing electrocardiographic 
yrograms into first and second generation 
ams has been described previously.!? To devel- 
oper framework for classification of such 
ams, we repeat some of the salient features 
as become customary in discussing computer 
W talk about first, second and third genera- 
rs in ascending order of complexity and 
. It appeared useful to us to classify 
grams for electrocardiographic analysis 
nd second generation. In the first, the 
methods of analyzing electrocardio- 
mulated and, in an ideal case, the pro- 
m as well as their designers. In second 
ograms, multivariate classification tech- 
pplied with the aim of improving present 
analysis and thereby reducing the num- 
isclassifications or erroneous diagnoses. 

actically all first generation programs5-9:13.14 can 
ipared with decision trees. When certain elec- 
abdiographic measurements exceed the limits of 
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of a given electtócakdii- 








"graphic abnormalit such as myocardial infarct. A 
typical example of such a decision tree is shown in 


Figure 1. 


First generation programs may differ in number 
and types of electrocardiographic measurements : 
used, but their general design is similar. They have 
been widely used in the past, but a number of major 
difficulties were encountered. Since there are no gen- 
erally accepted diagnostic criteria for electrocardio- 
graphic analysis, none of these programs found gen- 
eral acceptance. Frequently, relatively large numbers 
of electrocardiographic measurements were included 
in the programs, which led to overdiagnosis and the 
labeling of excessive numbers of normal tracings as _ 
abnormal. The seriousness of “heart disease of elec- 
trocardiographic origin"!? cannot be overemphasized, 
and one can only hope that computers will not con- 
tribute further to this disease. 


Evaluations of first generation programs have usu- : S 


ally been on comparisons with readings of cardiolo- 
gists who were also the program designers. If the 


same diagnostic rules are used, agreement should be, — 


in the ideal case, 100 percent. Any discrepancies in 


interpretation have to be ascribed to technical defi- E 


ciencies in the computer program or its operation, or : 
both. More reliable performance evaluations can be 
expected only when the tracings used are from pa- 
tients whose diagnoses may be established by inde- 
pendent methods such as cardiac catheterization, an- _ 
giocardiography, direct inspection during cardiac. 

surgery, autopsy or other objective means. For first 
generation programs, one should not be too optimis- 
tic about the outcome of such evaluations. When a 
selected group of electrocardiographers were tested 
in a study by Simonson et al.,!7 they achieved correct 


sion-tree logic used in all first genera- 







amplitude iri lead Z exceeds the limits 


(PE). and: left ventricular hypertrophy 
; (LVH) need to be considered. The ad- - 
Ne ditional measurements are. to differ- 





R RVH = = nigh ve vel 















FIGURE 1. Typical example for deci: ^. 
tion programs. If the Q/R ratio or Q. ©: 


of normal, anterior myocardial infarc- —.— 
tion (AM), pulmonary. emphysema’ ^ 










entiate between these thre ee m g- 0 





jeneration Computer Programs 

md generation electrocardiographic computer 
rams were not necessarily developed after first 
ration programs. Rather, the term denotes de- 
f complexity. As mentioned earlier, second gen- 
tion programs are mostly of the multivariate type 
hich large numbers of electrocardiographic mea- 
ments are used simultaneously for classification. 

Almost without exception, early results based on 
such techniques were remarkably good. Most often, 
this was due to a disparity between the number of 
slectrocardiographic measurements used and the 
number of tracings available for study. As pointed 
‘out by Cornfield,!® the number of variables used in 
multivariate analysis should not exceed 1/20th the 
number of available recordings if repeatable results 

re to be expected. Recognizing early the need for a 
ge electrocardiographic data base, the Veterans 
\dministration organized a cooperative study in 1960 
th eight hospitals participating. More than 28,000 
lectrocardiographic records, together with complete 
inical protocols, are now available in this data pool. 
Of a large number of different multivariate tech- 
ques tested, computation of posterior probabilities 
‘each diagnostic entity under consideration was 
‘ound most satisfactory. This procedure, which is ap- 
lied to each patient record, has been described in 
etail previously.?19?? Essentially, it involves the 
use of pair-wise discriminant functions and prior 
probabilities for each diagnostic entity. The resultant 

- posterior probabilities indicate the likelihood that an 
:electrocardiographic abnormality will be present in a 

. given record. 

Most of our early studies on diagnostic electrocar- 
diographic classification by multivariate analysis?!-? 
dealt with only two diagnostic categories at a time, 

such as normal versus myocardial infarct, normal 
rersus left ventricular hypertrophy or normal versus 
biventricular hypertrophy. Such procedures are not 
very realistic since, in clinical practice, more than two 

diagnostic entities generally need to be considered 
and, in many cases, all or most possible diagnoses 

-have to be taken into account. For analysis of the 

QRS complex, we now consider 12 different diag- 

nostic possibilities (Table I). Interpretation of P 
wave, S- T segment and T wave changes requires clas- 

-sification into many additional categories.76-?5 An ex- 

ample of the diagnostic computer output format for 

- an individual patient is shown in Table II. 

The multigroup classification technique was first 

developed with a training sample of 2,602 electrocar- 
diograms!?2? and it was applied later to a test sample 

of 1,584 tracings.!? Results differed by only 2 percent, 
cating a satisfactory degree of repeatability and 


ility of the method. 


For this study a new approach to system evalua- 


FABLE A Oe 
-- Diagnostic Categories 
“Analysis. of QRS Comp! 


. Normal o PUE 

. Anterior myocardial infarct DH 

. Posterodiaphragmatic myocardial infarct . 

. Lateral myocardial infarct UE Ae E 

. Left ventricular hypertrophy 

. Right ventricular hypertrophy 

. Biventricular hypertrophy 

. Chronic obstructive lung disease 

. Left ventricular conduction defect 

. Left ventricular conduction defect with myoc 
. Right ventricular conduction defect w 
. Right ventricular conduction defect with myoc: 


I 
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TABLE II 
Abstract from Typical Printout of Electrocardiog 
Computer Program* i 
ID 07094107 Date . 1/31/73 
Race Black Age 50: 
Heart rate 63/min E: 
Sinus rhythm, multiple premature ventricular contra 
First degree A-V block f 


ORS diagnostic probabilities 
Left ventricular hypertrophy — 87 
Compatible with biventricular 
hypertrophy 


P wave probabilities 
Left atrial overload 
Normal 
Right atrial overload 


Digitalis effect 


* Measurements of time intervals and amplitud 
omitted. The record was obtained from a patien 
had hypertensive cardiovascular disease fora! 
years and admitted for congestive heart failure 
of 87 for left ventricular hypertrophy is relatively 
also evidence of biventricular hypertrophy, which 
found afterepisodes of congestive heart failure. 
indicated a medium probability for left atrial 
configuration suggested digitalis effect. 


tion was chosen that appears to be more 

closer to routine clinical electrocardiogr 
tice. Records were transmitted daily b 
from the Veterans Administration Hospi 


Roxbury, Mass., to the ECG Data Processim, 


in Washington, D. C. A total of 1,663 
transmitted, and a firm diagnosis c 
lished on the basis of independent, t 
trocardiographic, evidence in 1,192 case 
deals with the evaluation of diagnostk 
the computer reports in these latter case 
bias, use of electrocardiographic info 
-riving at the patients’ diagnoses was av 
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ardiovascular system 


es Chosen According to Tentative Diagnoses of R 


. Myocardial Infarct 2: 














No Anterior 


tensive cardiovascular disease 0.300 0.070 
ular and/or congenital heart disease 0.300 0.012 
'ulmonary disease 0.400 0.023 
mary myocardial disease 0.250 0.070 
ther diseases, not related to the 0.760 0.037 













us "i t i Chronic 
O Postero o Spe Ps nk eta Obstructive 
diaphragmatic Lateral Left - Right 


Lung Disease 











0.065 0.015 0.539: 0.001 0.010 . 


0.011 0.002 0.420 0.250 0.0055 07 
0.022 0.001 0.050 0202 . 039 7. 
2.065 0.015 0.594 0.005 Kor 
9.035 0.008 0.080 0.040 0.040... 

































tion, interpretations of conventional 12 lead elec- 
)rardiograms of the patierts were tested for accu- 
cy against the same independent diagnostic evi- 
and compared with computer results. 

r analysis of cardiac rhythm was not in- 
is report. Evaluation of the part of the 
uter program dealing with arrhythmias will be 
bn Beperately. 


Materials and Methods 





er | Pipgram 


nk. lead electrocardiogram:s were recorded on fre- 
modulation (FM) tape. Methods of electrocardio- 
data acquisition have been described in detail pre- 
39 The data were transmitted daily from the Veter- 
Administration Hospital in West Roxbury, Mass., to 
2G Data Processing Center at the Veterans Adminis- 
Hospital i in Washington, D. C. A Bell Telephone 
on unit (model 604) was used for simultaneous 
insmission of the three orthogonal leads in FM form.3? A 
ased telephone line was available most of the time, but a 
ar dial telephone was also tested for a limited period. 
e band width of the FM transmission system extended 
o 105 hertz. After the FM signals were demodulated, 
y were converted into digital form using a sampling rate 
500/sec for each lead. Details of the electrocardiographic 
pute analysis, using a Control Data Corporation 3200 
aputer, have been reported,!9.20 
omputation of posterior probabilities for the diag- 
i ities under consideration was performed on each 
int record as follows: 
| te à k-dimensional wector of electrocardio- 













diagnostic catenei: hav 


Selection of set2, for instance, indicates only that myocardial infarct is under consideration. For patients with pulmonary disease” ; 
5), on the other hand, right ventricular hypertrophy and chronic obstructive lung disease are most likely to be present, and the... 
À robabilities for these entities are raised accordingly. These sets may be considered problem-oriented prior probabilities. 


. i f a 
Pale) = pe ra 


Posterior probabilities were computed for all diagnostic 
entities listed in Table I and in addition for P wave and 
ST-T abnormalities. This report will be limited to those in- 
dicated in the table. The accuracy of cardiac rhythm state- 
ments will be evaluated separately. Table II shows a typical 
sample of the computer output resulting from this type of 
electrocardiographic analysis. 

The use of prior probabilities in the diagnostic computer 
program exerts a strong influence on results, as will be dis- 
cussed later. Seven sets of such prior probabilities, which 
have been found quite efficient, are shown in Table III. In a 
given case, a set is chosen according to the patient's tenta- 
tive diagnosis, as indicated on the request form for an elec- 
trocardiogram. For instance, if a patient is admitted with 
the chief complaint of chest pain, set 2 (coronary artery 
disease) is chosen, which indicates a prior probability for 
myocardial infarction of approximately 50 percent. Simi- 
larly, in a patient with increased blood pressure, selection 
of set 3 (hypertensive cardiovascular disease) indicates that 
the prior probability that the patient will have left ventric- 
ular hypertrophy is also approximately 50 percent. Similar 
considerations led to the development of the remaining ^ 
sets, which were found simple and practical for daily use 
since the physician requesting an electrocardiogram had. 
only to check one or more of the broad diagnostic catego- 
ries under consideration (Table IV). When more than. one 


category was checked, combination sets of prior probabili- | 5. | 


ties were applied. The various sets listed were determined :' 
onan empirical basis with the goal of keeping misclassifica- ; 
tions at a minimum. 


Clinical Diagnostic Categories 


As mentioned earlier, this report deals. with. 1, 192. trac- 
ings selected from a larger data pool of 1,663 patient rec- - 
ords. This selection was based on diagnostic criteria devel- — 
oped within the Veterans Administration Cooperative EM 
Study on Cardiovascular Data Processing. ere ex- 
cluded only when documentation for the clin 
was incemplete or lacking. Although 






















































raphic Request Form* 





f Electrocardi 


L iac STATUS a sentative or Final Diagnošis) 
CG will be taken unless this section is completed by 
esting physician.'" 







: D . Normal cardiovascular ^ [.].5. Pulmonary disease 

y status 

a 2; Coronary artery disease [] 6. Primary myocardial 
disease 

C] 7. Other diseases not related 
to cardiovascular 


system 






] 3. Hypertensive cardio- 

: vascular disease 
o 4. Valvular or congenital 
heart disease 
















*The form is routinely filled out by the patient’s physician. 
(More than one disease category can be checked.) 






more i; detail: 21-26 the main characteristics of the various 
groups may be repeated here for clarity. The number of 
cases in each diagnostic category is given in Table V. 
<The most frequent diagnosis was myocardial infarct (40 
percent). In the great majority of cases the infarct was old. 
Criteria for myocardial infarct included a typical history of 
prolonged episode of crushing substernal chest pain to- 
gether with typically elevated serum enzyme levels.”* Pa- 
ts’ accounts of past “heart attacks" were accepted only 
hen adequately documented in the medical charts of pre- 
... vious admissions. 
Patients with a diagnosis of hypertensive cardiovascular 
disease had a sustained blood pressure elevation of at least 
150/90 mm Hg or more, as determined in the sitting posi- 
tion four times a day during a 3 day period after the day of 
."admission.?? For this group the assumption was made that 
sustained blood pressure elevation leads to left ventricular 
-< hypertrophy, and when electrocardiograms were classified 

-as manifesting left ventricular hypertrophy, the classifica- 
= tion was considered correct. 

Of the 199 patients with valvular heart disease, 128 (64 
percent) had undergone cardiac catheterization. In the re- 
maining 71 patients, physical findings obtained by nonin- 
'vasive means permitted the diagnosis to be established be- 
yond reasonable doubt. Seventy-seven patients were diag- 
nosed as having chronic obstructive lung disease. Criteria 
for this diagnosis were the same as those described in a pre- 
vious study.?? All patients had a history of excessive cough, 
sputum production and dyspnea on exertion. More than 50 
percent also had shortness of breath at rest. Exercise toler- 
"ance was reduced in the great majority of cases, and a few 
d patients were incapacitated. 

-Twenty-one percent (246) of the patients were consid- 
ered free of cardiovascular disease by history, physical ex- 
amination, chest X-ray examination and laboratory find- 
"ings (groups 1 and 7, Table IV). They had been admitted to 
the hospital for reasons other than heart disease. 

All patients had conventional 12 lead and orthogonal 
léad (Frank) electrocardiograms. The records were inter- 
piat: by- two of us (D. L. and D. McC.) without knowledge 

the computer interpretation. The criteria for interpreta- 
ion of the 12 lead electrocardiogram were essentially those 
escribed by Littmann.*! Since the great majority of the 
atients had been admitted to the medical service of the 
































. Clinical Diagnoses of Patients Include 





ospital, their tentative or final diagnoses were known to- 
interpreters of the eipcirocondiogtim. In all other E 















Normal l i Ni 


1. 
2. Myocardial infarct 08 
3. Hypertensive cardiováscular diséase “155 
4. Valvular heart disease (congenital D001989 
or acquired) E: 
5. Chronic obstructive lung disease Áo 
6. Combinations of 2, 3, 4, or 5 35 
7. Disease not related to the "US 
cardiovascular system i 
Total 13198 











TABLE VI 


Comparison of Computer Classification Results wi i 
Analysis of Conventional 12 Lead Flectrocardiograms 
Series of 1,192 Patients : 








_ ECG Diagnosis 


Partially 
Correct. 





Correct 











Computer analysis 86% 595: 
(3lead ECG) 

Physicians' interpretation 68% 496 
(12 lead ECG) 
















cases, this prior knowledge was limited to the 
provided on the request form for an electrocardio, 
Results of the visual electrocardiographie anal 
computer interpretation were later transferred 
tion forms. The completed medical records were 
at that time for documentation of the final diagn 
At certain times, electrocardiographic teleph 
mission suffered from various amounts of no 
ence. Part of this problem was due to the use 
Telephone transmission unit (model 604), wh 
considered experimental by company officials at th 
of the study. Since telephone noise. problems: o 
common in electrocardiographic data transmis 
tal filter with a cut-off frequency at 40 hertz w 
all records. Computer analyses of filtered án. 
records were compared to determine the effect 
tively strong filter on systems performance: 









































Results 


Computer Analysis vs. Standard Electrocard 
interpretation 


Results of the computer dnos. alid the 
electrocardiographic interpretations are sui 
in Table VI. Of the total of 1,192 records, 
percent) were classified correctly. by comp 
additional 56 tracings (5 percent), the a 
analysis was partially correct. One hundred 
percent): of the records were misclassified. a 
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ECG Diagnosis 





Partially 


Correct Correct — Incorrect 





‘all diagnostic 66% 8% 2696 


g to number 69% 9% 22% 
ach diagnostic 
87% 


5% 8% 





















and 28 percent for correct, partially 
id ncorrect, respectively. Thus, an 18 per- 
increase in correct classifications could be 
application of a multivariate analy- 
rogram At the same time, the number of mis- 
1s could be reduced from 28 to 9 percent. 
| according to clinical diagnosis: A 
es Its according to clinical diagnosis 
Table VII. When findings in 
I subjec andl all patients admitted for reasons 











d as abnormal in only 8 (3 
This oe toa 
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| ries. were kept intentionally 





Partially Correct 


12dead  3lead A Mead 
(%) (Qo 09 

























Improvement in the recognition rate for abnor- . 
malities was least for myocardial infarcts with 85 per- —. — 
cent diagnosed correctly by computer compared with ^ ^. 
79 percent by conventional analysis. Records from 
patients with valvular heart disease were classified |. 4 
correctly by computer in 96 percent of cases, as.com- = 
pared with 68 percent by 12 lead readings, repre- 
senting an improvement of 28 percent. 

The most striking differences between automated 
and conventional analysis were found in patients 
with hypertensive cardiovascular disease and chronic —. | 
obstructive lung disease. In both groups, computer 
results exceeded those obtained from 12 lead electro- 
cardiograms by more than 50 percent. This rate of 
improvement in diagnostic recognition corresponds ` 
to that previously reported for the same two en- 
tities.23.25 

When several disease entities were considered si- 
multaneously, diagnostic recognition rates dropped 
sharply for both computer and conventional analysis. 
If at least one of two abnormalities was diagnosed | 
correctly, the classification was rated “partially cor- 
rect." If completely and partially correct answers are 
combined, the diagnostic recognition rate was 91 per- . 
cent by computer and 72 percent by conventional: 
analysis. m 

Effect of prior probabilities: As mentioned ear- 
lier, the various sets of prior probabilities listed in 
Table III were used for the analysis of records listed 
in Tables VI and VII. In this analysis an implicit as- 
sumption is made that the correct disease categorie 
were checked on the electrocardiographic reques 
form, leading automatically to the proper choice o 
prior probabilities. Errors in selecting the correct set 
were relatively infrequent because the di 



























diagnoses governing this 
precise for this | purpose. P 










mpletely ‘tuled out, w 











performed on the 1,092 rec- 
idence of ventricular conduction de- 
e listed in Table VIII. First, diag- 





set equal for all diagnostic groups. For practical 
oses, this experiment removed the effect of 
owing the patient's tentative clinical diagnosis. It 
to a sharp drop in correct classification from the 
iginal 87 percent to 66 percent. 

From a statistical standpoint, better results should 
be expected when prior probabilities are adjusted ac- 
cording to the number of patients in each category. 
This was accomplished by using the sample sizes 
_ given in Table V as prior probabilities. As expected, 
the rate of correct classifications increased, but the 
esult of 69 percent was still substantially below the 
87 percent in the first classification when more ap- 
propriate prior probabilities were used. 

Of the total of 1,192 records, 100 were classified as 
showing ventricular conduction defects, based on a 
. QRS duration of more than 0.122 second. Although 
the normal limit for simultaneously recorded leads 
ad been found to be 0.112 second,?? the limit was 
extended by 10 msec because ventricular hypertro- 
)hy may cause a certain amount of QRS prolonga- 
ion®> without representing a true conduction defect 
of the bundle branch block type. Of the 100 records, 
75 were interpreted as showing left ventricular con- 
: duction defects and 25 as showing right ventricular 
conduction defects. The number of cases with docu- 
mented myocardial infarction was 47 in the former 
-group and 13 in the latter group. By computer analy- 
sis, 32 (69 percent of the infarct cases) were correctly 
identified in the presence of left ventricular conduc- 
“tion defects. The corresponding figure for right ven- 
tricular conduction defects with myocardial infarc- 
“tion was 7 (52 percent). The level of specificity was 86 


- and 83 percent, respectively, for the two classifica- 































































Effect of Digital Filtering 


O The level of noise interference was measured in all 
records in terms of root mean square (RMS) noise. In 
78 percent of cases, the RMS noise level was below 
0.02 mv, representing a noise band width of approxi- 
mately 0.08 mv, or less than 1 mm on ordinary elec- 
trocardiograms with a calibration of 1 mv = 10 mm. 
In an additional 14 percent of the records, the RMS 
‘noise level was between 0.02 and 0.04 mv, which may 
_ still be considered marginally acceptable under clini- 
eal conditions. In the remaining 8 percent, the RMS 
: noise level exceeded 0.04 mv, extending in a few well 
above 0-1 mv, = 

"ypical examples of noisy records due to telephone 
'ansmission are shown in Figures 2A and 3A. Fig- 
res 2B and 3B indicate the effect of a digital filter. 
he first case, QRS complexes can hardly be recog- 
ed in leads X and Y. After application of the filter, 






















ct of prior probabilities. - = 


wave forms become sufficiently distinct to determine . 





. Besides causing loss o 
surements, excessive noi 
ments of wave durations and time inter 
noisy records with normal QRS duration 
neously interpreted by computer before 
demonstrating left or right ventricular 
defects. Eighteen records were completely 
the computer because of extremely high t 
filtering, errors could be corrected, and: 
were processed successfully. 
As expected with changes in electrocard 
measurements after filtering, diagnostic : 
also changed in some instances. Including 
ords with misclassified conduction defect; 
a different diagnosis after filtering. In 59 
percent) this change led to improvement & 
percent) to misclassification. (The term “ 
ment" is used, as in all other classification: 
cate agreement with the patient's true diagn: 
tained by independent means.) du 








































Discussion 


Classification of existing electrocardiog: 
puter analysis programs into first and sec 
tion programs points up the fundamental d 
between these two approaches. In first 
programs, it is tacitly assumed that c 
methods of electrocardiographic interpret 
efficient and need few changes or improvem 
main goal in designing second generation p 
improvement of diagnosis mainly by apply 
variate classification techniques. The com 
these programs makes possible simultanec ! 
large numbers of properly weighted elec 
graphic variables to enhance differentiatio 
diagnostic entities. 2 

Extensive tests on large record samples 
ample evidence that separation betwee 
nostic entities at a time can indeed be i 
Further studies showed that similar im. 
are feasible when many or all diagnosti 
are considered simultaneously.192026-28 
of this study was to test a multigroup ele 
graphic computer program in the routine 
ting of the medical service of a Veterans A 
tion hospital. Long distance telephone e 
graphic data transmission was included 
because data acquisition and computer : 
frequently separated geographically. - 

Of 1,663 records transmitted from t 
Administration Hospital, West Roxbur 
the Veterans Administration Hospital 
D. C., only the 1,192 were used in wh 
complete documentation of the clinic 
The latter was based exclusively o 
nonelectrocardiographic criteria developed 
eight cardiologists within the framework 
ans Administration cooperative study.” 

As pointed out in a recent editorial? a 
















































87S The American Journal of CARDIOLOGY 


o this report, most previous evaluations 


letely Satisfactory because, with few ex- 
ts were performed by human observers 
lé same diagnostic criteria as those con- 


ed, disagreements reached almost 50 
ading to the crucial question: What is a 
diographic interpretation or diag- 

concile criteria and opinions of dif- 


htforward, they have been disre- 
dies. The study by Crevasse 
lustrate the essential dif- 
ations based strictly on electro- 
id those based on indepen- 
formation. The accu- 

tri ‘ular hypertrophy 


FIGURE 2. Record transmitted via telephone from. 
West Roxbury, Mass., to Washington, D. C. A, a high io" 
\ level of noise is superimposed on the electrocardio~ >. 
3 graphic tracing. In leads X and Y, which are of relative- -> 


ly low amplitude, determination of the beginning and. 


end of P, ORS and T waves is practically impossible. 
B, same record after application of a strong digital fil- 
ter with a cut-off frequency of 40 hertz. Although 
some noise is still present, the record could be pro- 
cessed in this form. 


and human interpreters was the point system de- . 
scribed by Estes. When this criterion was tested by 
Romhilt and Estes?6 in 150 autopsy cases with left 
ventricular hypertrophy, the accuracy rate was only ` 
60 percent. Assuming that the autopsy study indicat- 
ed the "true" performance of the Estes criterion, it 
can be inferred from these data that the accuracy . 
rate in the computer evaluation report was also at 
best. close to 60 percent (98 percent of 60 percent or - 
59 percent). Similar considerations apply, of course, . 
to other abnormalities and many other evaluation P 
studies. PM 
The decision made in the Veterans Administration x 
Cooperative Study on Cardiovascular Data Process- 
ing to use exclusively documented nonelectrocardi 
graphic information for diagnostic patient classific 
tion was reached in order to avoid bias and 
mas of disagreement on criteria tha 
based on personal preference 
knowledge, the Veterans Ad 
been the only. one 80 





IGURE 3. Record similar to that shown in Figure 2. A, 
because of the large amount of noise superimposed 
during telephone transmissions, the P and T waves are 
‘hardly discernible. B, same record after application of 
digital filter. The P and T waves are easily identified. 


were developed from this large data base. In this spectively). As found in previous stud 
` study, as in all previous studies from this laboratory, electrocardiographic criteria were rel 
agreement with objective evidence for well defined cient in patients with hypertensive ca 
clinical diagnostic entities was the sole yardstick for disease or chronic obstructive lung diseas 
letermining the accuracy of computer interpreta- Accuracy of computer interpre 
tions. overall accuracy rate of computer interpi 
Tn addition to comparisons between computer ceeded that achieved by conventiona 
analysis and independent diagnostic evidence, 12 ings by almost 20 percent; that is, in 
lead electrocardiographic interpretations were evalu- one of five records, analysis could 
through computer application. Most gr 
the low number of complete misclasst 
only 9 percent of the total was the auto 
incorrect as compared with 28 percen 
tional 12 lead analysis. GU 
Improvement in electrocardiogra 
was greatest in patients with hypertet 
cular disease and chronic obstructiv: 
and 81 percent, respectively, of tracin 
were classified correctly. This result coi 
ably with the recognition rate of close 
by 12 lead analysis in both groups. Th 
tion rate of 26 percent for hypertensi 
lar disease corresponds to the low- 
- McCaughan et al?* in a larger study on 
tensive patients when a variety of h 
.— ria of the 12 lead electrocardiogram 












; he low rate of 26 percent in our 
idy. suggests that the majority of our patients had 
nly a mild or moderate degree of the disease. In ad- 
ition, all patients were being actively treated, result- 
“in most. cases in a decrease of left ventricular 
k. This makes the high recognition rate by com- 
uter even more remarkable. 
è fact that the results of conventional 12 lead 
rocardiographic classification procedures, based 
imple decision-tree logic, were found consistently 
to results obtained by multivariate tech- 
- applied. to orthogonal 3 lead records does not 
ily indicate a basic difference in information 
ent of these two lead systems. A true comparison 
be achieved only if the same classification 
ods were applied to the records obtained by the 
ms. To our knowledge, such a test was per- 
only once by Watanabe and co-workers?” on 
small samples. In a study on the differen- 
ween records from patients with cor pul- 
iterior wall myocardial infarctions, they 
ultivariate analysis technique to both 
id conventional 12 lead electrocardio- 
performance score (sensitivity + specific- 
9.5 percent for the former and 89.0 per- 
he latter leads, thus essentially indicating 
| diagnostic information. 
ion of prior probabilities to compute 
robabilities: A highly significant contri- 
> the efficiency of electrocardiographic com- 
agnosis was derived from the application of 
'em. in which pricr probabilities are used 
ite posterior probabilities for each diagnostic 
y under consideration.!? In a formalized statisti- 
ense, this procedure may appear new or even 
ang: e to the physician. However, it represents a 
'e that is quite familiar to every clinician be- 
uses this approach whenever he is faced 
iagnostic problem. A simple example may 
clarify the function of this method. 
analyzing an electrocardiogram from an in- 
ocardial infarction is a remote diagnostic 
tv because of the extreme rarity of congenital 
nalities of the coronary arteries. The prior 
for the diagnosis o? myocardial infarction 
very low in this situation. However, the re- 
true for an electrocardiogram from a mid- 



























































z pain is present, it should be raised even 
hes various sets of ponr probabilities used 
















l They. ‘indicate only the estimat- 
me of the electrocardiograph- 





this case, the. accuracy rate was close to that achieved x 


Somputer Poe based on mul 





by the interpreters of the 12 lead electrocardiogram 

who had some prior knowledge about the patients. 
As mentioned earlier, failure to select the appro- 

priate set of prior probabilities on the electrocardio- 


graphic request form may lead to poorer results. In ..- 
this study the choice was always based on prior |  . 
knowledge of the documented final clinical diagnosis. = 


Obviously, results will be best in this situation where- 
as complete lack of prior knowledge of the patient's = 
condition could have decreased accuracy. In routine - 


application of this approach, the latter situation has 2 


been found relatively seldom since the diagnostic 
categories are broadly defined. Furthermore, prelimi- 
nary results from a study now in progress indicate 
that when final clinical diagnoses are not known but 
prior probabilities of Table III are used, the rate of 
correct classification remains between 85 and 90 per- ^ 
cent. 

Physicians’ acceptance of computer results in the 


form of probabilities has been gratifying. This is — 


probably because in all problem cases, various possi- 
ble diagnoses are considered with a certain likelihood 
without assigning numerical terms to these likeli- 
hoods. In addition, in cases with left or right ventric- 
ular hypertrophy, the probability levels have been.’ 
found a useful indicator for the degree of hypertro- .. 


phy that may increase or decrease in time, as shown 8 : 


in follow-up tracings. 

Effect of excessive noise transmission: Exces- 
sive noise induced by telephone transmission can 
cause serious difficulties with electrocardiographic 
measurements and in some cases lead to rejection of 
records by the computer. Application of a filter ap- 
pears advisable in all tracings with an RMS noise 
level above 0.02 mv. When a strong digital filter was 
applied to some extremely noisy records, they be- 
came processable and, in most cases, correct diag- 
nostic classification could be achieved. Changes in^ 
electrocardiographic configuration, which are un- 
avoidable when strong filters are used, seemed to .. 
have little effect on diagnostic performance of the- 
computer program. This finding is probably due to a 
certain degree of redundancy contained. in the pro- 
gram. In contrast to first generation programs where > 
a slight decrease in amplitude in a few electrocardio-. 


graphic measurements may lead from one diagnosis ^ 


to another, the multivariate procedure depends far 
less on changes in a few. variables since relatively 
large numbers of variables are being, considered. 










Clinical implications » 
Clinical application of an ele 











t was possible to achi 
“ace racy rate of 86 percen “which: 
i ed by conventional 12 lead elec- ` ] 
; phic analysis by almost 20 percent. — in AAEE Roy than in 
ne significance of these findings goes beyond should not be too surprising tha 
rdiography. "The data suggest that computer demonstration of the superi 
ions in medicine can be extended with ad- analysis over conventional deci 
ge beyond simulation of current medical rou- could be demonstrated in this fiel 
es when appropriate techniques are used. The ca- tion should stimulate others to : | 
bility of the computer to perform complex opera- tempts in other areas in order to im 
tions such as multivariate analysis has attracted making not only in diagnosis but als 
p many investigators since the early days of medical and general medical care. 


APPENDIX 


Rules for Tabulation of Computer Results* 


Clinical Diagnosis Computer Report 





No cardiovascular disease . 1st choice Normal 
. 2nd or 3rd choice Normal > 30 


Myocardial infarct 1. 1st choice any MI or sum of the probabilitiest 
for MI 
. 2nd or 3rd choice probabilities for any MI 
> 30 or sum of probabilitiest for MI > 40 


Hypertensive cardiovascular . Ist choice LVH or LVH-BVH 
disease . 2nd or 3rd choice LVH > 30 


Valvular and/or congenital . 1st choice LVH or LVH-BVH 
heart disease . Ist choice RVH or RVH-BVH 
. 1st choice sum of the probabilities for RVH 
+ LVH 
4. 2nd or 3rd choice LVH 30 
5. 2nd or 3rd choice RVH 30 
6. 2nd choice sum of the probabilities for RVH 
+ LVH > 40 


Chronic obstructive lung 1. 1st choice PE, RVH or RVH-BVH 
disease 2. Ist choice sum of the probahilities for PE 
+ RVH 
3. 2nd or 3rd choice PE or RVH > 30 
4. 2nd choice sum of the probabilities for PE 
+ RVH > 40 


Primary myocardial disease 1. 1st choice LVH or LVH-BVH 
2. 2nd or 3rd choice LVH > 30 


< © Probabilities of diagnostic electrocardiographic classifications add up to 100 in each case. First choice indicates cat 
est probability, second choice with second highest BODRUM. e etc. Probabilities of > 30 or sum of probabilities of 7 40 
:probàbilities of >20 were included in the sum. 
: f Sum of probabilities of AMI, PDMI and/or LMI. 
cU AMI = anterior myocardial infarct; BVH = biventricular hypertrophy; LMI = lateral myocardial infarct; LVH = left 
“trophy; MI = myocardial infarct; PDMI = posterodiaphragmatic myocardial infarct; PE = pulmonary emphysema: RV 
. ular hypertrophy. Sr 
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Clinical, electrocardiographic and cineventriculographic di 
patient groups were analyzed to define the natural history 
ment elevation after myocardial infarction. In sixteen of 2 
percent) with acute inferior myocardial infarction, S-T se 
tion was present on hospital admission, persisting in 1 
the 2nd week. S-T segment elevation was present on 

of 23 patients (78 percent) with acute anterior myocardi 
and persisted in 13 after 1 week and in 9 of 14 (64 perce 
follow-up period of 1 to 6 months. S-T segment elevation | 
than 2 weeks after myocardial infarction did not resolve. 
with patients with inferior myocardial infarction or ante 
without persistent S-T segment elevation, patients with ant 
tion and persistent S-T segment elevation had a higher 
maximal serum creatine phosphokinase (CPK), more se 
tricular decompensation and a greater frequency of death 
follow-up period. In a separate series of 95 patients wit 
graphically documented coronary artery disease, 40 of 6 
percent) with advanced anterior and apical asynergy ha 
S-T segment elevation. By contrast, only 1 of 30 (3 percen! 
nary disease and normal ventriculograms had persistent. 
elevation. 

We concluded that (1) the natural history of S-T segr 
after myocardial infarction is resolution within 2 weeks in 
inferior but in only 40 percent of anterior infarctions; (2 
elevation persisting more than 2 weeks after myocar 
does not resolve; (3) persistent S-T segment elevation 
with clinically more severe myocardial infarction; and 
with coronary artery disease, persistent S-T segment i 
myocardial Infarction is a specific but insensitive inde 
asynergy. 2 


An empirical association between persistent olodtracárdior 
segment elevation after myocardial infarction and pres 
tricular aneurysm has been recognized for more than 25 1 
introduction of coronary care unit monitoring of serial 
graphic records and of left cineventriculography as a 
cedure for evaluating contraction disorders has engender 
of definition regarding the relation between “persisten 
ment elevation and “ventricular aneurysm.” These incl 
ing the natural history of S-T segment changes after m 
farction, particularly i in light of the current widespread 
T segment mapping to assess the effect of therapeu 

on infarct size; (2) defining that point in time when th 
elevation of “ventricular aneurysm" may be differentia 


e S- T elevation -of injury; (3) defining the clinical cha 


faretion that result in persistent s elevatio 















































































































Time Post M1 


anid (4) defining the sensitivity and specific- 
elevation as an index of cineangiographic 
es of wall motion, as opposed to anatomic 
Lat autopsy. 

report we have attempted to establish ap- 
op based on retrospective evalua- 


both sióFial serum enzyme (creatine Bios colt 
Kj ‘and glutamic oxaloacetic transaminase 
OT) determinations and electrocardiograms (Q wave 
wave changes of nentransmural infarction), 
traventricular conduction defects, survival at 
after admission and absence of severe noncar- 
ch as Saronic renal failure or neoplasm. S- T 






udy, nor was there a correction for the in- 
iente ana to: time of admission. As a 





was i daknowa: tage patients were in- ' 
patient had clinical evidence of re- ... 
oeriod of ST ‘segment anaa l 
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uration of S-T elevation for the study population (left, inferior infarction; right, anterior infarction) is plotted as a function of time with: . E 
epresenting the data from an individual patient. Hatched areas correspond to the period of S-T segment elevation. 


Mvocardial infarction was classified as anterior if the © 
primary QRS changes and S-T elevation were present in 
leads V2 to V4 and inferior if the changes were in leads II, - 
III or aVF. S-T elevation was defined as greater than 1 mm 


elevation of the mid-portion of the S-T segment (regardless ` i 


of contour) above the base line defined by successive T-P: 


segments in any of leads V» to V4 with anterior infarction | vi 


or similar elevation in any of leads II, III or aVF with infe- 


rior infarction. The lateral leads V5 to Vg were excluded in .: y 


classification because of their variable involvement in both 

inferior and anterior infarction. Standard practice in the 

coronary care unit includes marking the position of chest 

leads to obtain a series of comparable tracings. In the fol- 

low-up period, electrocardiograms were assumed not to. 
have changed in any time period spanned by identical trac: 
ings; similarly, the electrocardiogram was presumed to be. 
unchanged until a change was documented. 


To assess whether persistence versus resolution of S-T' = 


elevation represented (1) differential resolution of initially: 


similar elevations, or (2) similar resolution of initially dif-. 
ferent elevations, the resolution rates of S-T elevation in 







inferior infarction and anterior infarction with and withou 
persistent S-T elevation were compared using an S-T index t 
computed as: DIE 


S-T index = T 
Z (sum of S-T elevation in mm in all involved leads) 
Number of patients with S-T elevation: : 


The term XS-T for à given person has been used by Mai 
oko et al? and Kantkiewski et. al 
here represents the arithmetic avera 









` agroup of patien 



















~ $-T Elevation zt 2 W 

MÀ — |. in 30 Patients 

S-T Elevation .: r — ~ 

. On Admission At 1 to 6 Months 
(no.) (no.) 











feor ^ 16 of 22 
Anterior 18 of 23 


‘Difference Not significant Resoived 


Present 


index of advanced left ventricular asynergy by cineven- months of follow-up was highly significan 
riculography, the immediate precatheterization electro- S-T segment elevation persisting more 
ardiograms of 65 patients with abnormalities of left ven- after acute infarction did not return to. 
‘tricular motion defined as severe hypokinesis, akinesis or els (Fig. 1, Tables I and II). SON 
_dyskinesis’ of the anteroapical left ventricular wall due to The plot of S-T index versus time de 
coronary artery disease were examined for S-T elevation that the initial resolution rate a£ Sf i 
jsing the criteria previously outlined. To evaluate the spec- 1 f the li btained: b he n 
ficity of the association between S-T elevation and asyner- slope of the line o taine y the meti 
squares) was similar in all groups. Ho 


| gy, the electrocardiograms of 30 patients with angiographi- h s SA BEME 
-cally proved coronary artery disease and normal left cine- tients with anterior infarction and pers ! 
entriculograms were reviewed for S-T elevation. vation had an initial elevation index m 


ble that of the groups whose S-T segmer 
$oid Results base-line levels (Fig. 2). ; 
Natural history of S-T elevation: Sixteen of 22 Clinical characteristics of patients 
atients (73 percent) with inferior infarction had S-T sistent S-T elevation: The 45 patien! 
levation on admission to the hospital. By the 2nd myocardial infarction were classified in 
week of hospitalization, S-T elevation persisted in (1) inferior infarction, (2) anterior infar 
only one (5 percent); this was unchanged at 6 persistent S-T elevation, and (3) ant 
nonths. Eighteen of 23 patients (78 percent) with an- with persistent S-T elevation (= 2 
terior infarction had on admission S-T elevation that groups were compared with regard to : 
persisted in 13 of 23 after 1 week and in 9 of 14 (64 serum CPK, clinical evidence of left s 
| percent) during a follow-up period of 1 to 6 months. compensation and mortality in a s 
"There was no significant difference in the prevalence up period (25 to 27 months). Mean. 
of S-T elevation on admission in patients with inferi- CPK was essentially equal for patients 
r or anterior infarction, but the difference at 1 to 6 ferior infarction or anterior infarction. 
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22 10 13 
14(6400) — 8(8095) ^ 9 (69%) 
387 249 527 


ricular decom- 

si tion tno. KA) 

6 (27%) 1 (10%) 5 (39%) 
: 0 0 6 (46%) 
rage duration of 
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Present Absent 





no. 





























i; the group with anterior infarction and persis- 
elevation was twice that recorded for other 
(Table III). This difference was not statisti- 
gnificant because of the wide variations within 


group. 

d left ventricular decompensation, defined as 
-and diastolic filling sounds that responded 
ly to digitalis. or diuretic therapy, or both, was 
all three groups. Severe left ventricular fail- 
W h pulmonaty edema was limited to 6 of 13 pa- 
ents 46 percent) with anterior infarction and per- 
stent S-T elevation (Table ip. 

Only four deaths were recorded in the 38 patients 
hose ollow-up. data were available. Of these, three 
urred in the group with anterior infarction and 









y of S-T elevation as 
entricular passer 












of a not related to the presence or 
absence of ST elevation. Of the 30 patients with cor- 
onary disease and normal left ventriculograms, only 1 
(3 percent) had persistent S-T elevation (Table me 


Discussion 


Our data demonstrate that S-T elevation per- 


sisting 2 or more weeks after acute myocardial infarc- - 
tion does not resolve in a follow-up period of up to 6 
months and cannot be associated clinically with re- 


peated or ongoing ischemic injury. Thus, the electro- > 
cardiographic diagnosis of persistent. S.T segment el- ` 


evation consistent with ventricular aneurysm forma- . 
tion may be made as early as 2 weeks after acute 
myocardial infarction. 

À review of major textbooks of general cardi- 
ology?-1? yields no precise definition of “persistent” 
S-T elevation. Schamroth!! requires a delay of 6 
months after myocardial infarction until “aneurysm” 
may be diagnosed on the basis of the electrocardio- 
gram. The origin of the 6 month dictum is unclear, ~ 
Parkinson and Bedford,!? describing the evolution of - 
electrocardiographic changes after acute myocardial 
infarction in the three standard leads, observed that 
S-T segment elevation usually resolved within 2 
weeks. Neither Steven? nor Ford and Levine* had ac- 
cess to serial electrocardiograms from coronary care 
units in their studies associating persistent S-T ele- 
vation with anatomic evidence of ventricular aneu- 
rysm, and neither of their reports attempted a pre- 
cise definition of "persistent" S-T elevation. Steven? 
included cases in which autopsy was performed 1, 2, 


5, 6 and 8 weeks after acute infarction. He stated ES 


with regard to his case 8, “While 6 days may be too 
short a time, usually the S-T changes due to a current 
of injury will have disappeared in this time." 
Prognostic significance of persistent S-T ele- . 
vation: Patients whose electrocardiograms showed 
persistent S-T elevation had clinically more severe 
myocardial infarction, as judged by greater CPK ele- 


vations,? a greater incidence of left ventricular de- . T 
compensation and an increased mortality duetocon- . 


gestive heart failure in the early follow-up period. . . 
With regard to the striking difference in. the “S-T 


index" between patients with and without persistent pu p 
S-T elevation, our findings are similar to those of — 
Nielsen,!4 who demonstrated that marked elevation = 


of the S- T segment immediately after acute myocar-. 
dial infarction predicted a poorer prognosis. Maroko 


et al? found S-T segment elevation to be an index of — 


the extent of myocardial infarction. Their laboratory 
findings lend further support to the thesis i 
patients with greater elevations of both serum 














degree of le t ventricoli ante- . * 
18y, 40 62 percent). had. persis- * 

























ossible modes of development of persistent S-T 
ion: (1) differential resolution of initially simi- 
' elevations; or (2) similar resolution of initially 
ent S-T elevations. The observation that persis- 
S:T elevation reflects an increase in the magni- 
itial S- T elevation rather than a decrease in 
ial rate of resolution remains extremely inter- 
r and unexplained. 
roughout the study, the magnitude of S-T ele- 
on in limb and chest leads was compared despite 
cepted geometric differences in the lead systems. 
This procedure seemed justified on clinical grounds 
since these systems are the only ones available to the 
- practicing physician. It is impossible to assess what 
differences the lead systems themselves may have 
contributed to the difference in prevalence of persis- 
tent S-T elevation in inferior and anterior infarction. 
-One might argue that if semidirect leads could be re- 
corded from the diaphragmatic surface of the heart 
after inferior infarction, persistent S-T elevation 
ight be much more prevalent. However, the clear 
sociation of persistent S-T elevation with other evi- 
ence of clinically more extensive myocardial infarc- 
, and the hemodynamically benign course of most 
ients with inferior infarction or anterior infarction 
without persistent S-T elevation, favors our empiri- 
al approach. 
Persistent S-T elevation and left ventricular 
asynergy: Persistent S-T elevation, although quite 
specific, was only moderately sensitive as an indica- 
. tor of advanced cineventriculographic abnormalities 
of left ventricular wall motion. The prevalence of 
persistent S-T elevation in various series of patients 
with ventricular aneurysm is affected by the tech- 
nique and criteria used for diagnosis of ventricular 
ieurysm and by the number of leads in the electro- 
diographic records. Data from three recent stud- 
s1517 using postmortem, clinical and cineangio- 
phic techniques of diagnosis with standard 12 lead 
lectrocardiograms are summarized in Table V. As 
ne might expect, the incidence of persistent S-T ele- 
ation was highest in the autopsy series, in which 
efinite external protrusion of scar (fibrotic) tissue 
was required for diagnosis,? and lowest in the angio- 
graphic series, in which highly variable proportions of 
- gear and muscle were demonstrated in the areas of 
-ventricular asynergy.!® However, the overall figure of 
|....64 percent of patients with ventricular aneurysm 

.. showing persistent S-T elevation computed by com- 

— bining the data of these three studies (Table V) is re- 
i markably close to the 62 percent incidence in our se- 

"ries. 

- We are not aware of previously reported data de- 
scribing the prevalence of S-T elevation in patients 
h coronary disease and normal left ventriculo- 
ams. Although not a proof of specificity in rigorous 
rms, the finding that only 1 of 30 patients (3 per- 










































































terior infarction with’ and: withoat S-T elevation) _ a TABLE "E 


as performed in an attempt to differentiate between - 


ent) with angiographically documented coronary - 


i ease and normal ventriculograms had S T eleva: : AE asynergy. 





Reported Cases of Persistent $T Elevation and 
Postinfarction Ventricular Aneurysm p E 





Diagnosis of. ... .— ——— 


Reference Aneurysm 








At autopsy 300 


Dubnow ei al.5 1965 

Gorlin et al.'* 1967 By cineventric- i120 
ulography ^ ut 

Mourdjinis et al.” 1968 At autopsy (13); 25 of 
clinically (26): i 


Total 








* Resting electrocardiogram. 


tion suggests that the development of persist 
elevation after myocardial infarction is quite s 
for an advanced degree of asynergy. 
Incidence of ventricular aneurysm: 
tion of the incidence of ventricular aneur 
infarction remains unanswered, In fact, 
hypothesize that no ventricle that has s 
infarction moves entirely normally. There 
cidence of wall motion abnormality in à 
ries of patients studied after infarction wi 
the sensitivity of the criteria for diagnosis 
tion, (2) the method of analysis of left v 
motion, and (3) the relative number of pa 
anterior versus inferior infarction in the ser 
Corollaries to this hypothesis are the con 
ventricular aneurysm is not a discrete e 
rather an advanced stage in the spectrum 
tricular motion abnormalities due to coron: 
disease and that persistent S-T elevation wh 
ent is a clinically useful indicator of this sta; 
Definitions: With regard to the problei 
nition alluded to, the following statemen 
vanced: 
1. The natural history of S-T elevation 
myocardial infarction is resolution wit 
95 percent of inferior infarctions but in o 
cent of anterior infarctions. 
2. S-T elevation persisting more dias 
after acute myocardial infarction does not 
the follow-up period and may therefore be co 
chronic. 
3. Myocardial infarctions resulting in. pe 
S-T elevation were penon anterior : 























































tricular ae and Kigher short ; 
tality rates than those of infarctions in w 
S-T elevations returned to base-line levels. 

4. In patients with coronary artery dise: 
tent S-T elevation is a specific, but relative 
tive, index of advanced degrees s left ve 


bby P vns. Jw, et al: Precordial S-T segment 
traumatic metaod for assessing alterations in the 
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Two hundred sixteen consecutive patients were evaluate 
mine the value of pathologic Q waves in predicting the pres: 
severity of ventricular asynergy. Of 64 patients with p 
waves, 95 percent demonstrated asynergy. Q waves in 
leads denoted asynergy in 30 of 30 patients, anterior asy 
30 and an anterior aneurysm in 25. Q waves in the inferio 
cated asynergy in 30 of 33 patients, inferior asynergy. in 
an associated aneurysm in 19. Conversely, of 52 patient 5 wi 
eurysm, 44 also had pathologic Q waves. If Q waves were 
percent of asynergic zones exhibited akinesis or dyskine 
in the absence of Q waves an aneurysm was present in 
cent (P <0.001). Hemodynamically, anterior asynergy, \ 
fined by Q waves or by ventriculography, was associat 
left ventricular dysfunction than was inferior asynergy (P «0. 
21 patients with a cardiomyopathy, none had pathologic Q 
The data indicate that pathologic Q waves can aid signi 
predicting the presence and location of a severely asynergic 
though their absence does not exclude the possibility of a 
latter is much less likely and, if present, may be of milder form 


The determination of the presence, severity and potentia 

ty of localized abnormalities of left ventricular contraction 
in patients with coronary artery disease has become iner 
portant. Asynergy has been found to have a major effect on 
prognosis! and the risk and potential benefit of coronary 


gery.2 In this study, we assessed the value of patholog 
predictors of the presence and severity of asynergy. 


Methods 


Two hundred sixteen consecutive patients undergoing cardia 
tion studies including left ventriculography and selective coro 
raphy for evaluation of coronary artery disease formed the bas 
Patients with valvular or congenital lesions were excluded. Cari 
was defined as diffuse left ventricular asynergy in the absence 
valvular or congenital heart disease.* 

A standard 12 lead electroeardiogram, routinely obtained in 
before cardiac catheterization, was evaluated for the presence of p 
waves without knowledge of the catheterization findings. For t 
this study, the specific designations anteroseptal, anterior and 
were all considered indicative of anterior wall infarction. A Qs wa 
lead from V2 to Ve or a Q wave duration of 0.04 second or mor 
Vg was considered diagnostic of anterior wall infarction.’ Infe 
tion was diagnosed only if Q waves with a duration of 0. 04 seco 
ent in lead aVF 5 Isolated Q waves in lead: Im were not consi 
inferior infarction. V 

At cardiac catheterization, pressures were obtained | 1 

: system connected to a Statham P23Db strair 
on an Blectronies for Medicine DRS sous 
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URE A “Relation between pathologic Q waves and the presence 
site of asynergy. 
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LJ] HYPOKINETIC 


A E : ANEURYSMAL 
tE 2. Relation between severity of asynergy and the presence 
ence of pathologic Q waves. See Results. 


uitput was determined using the dye-dilution method 
docyanine green as the indicator. All hemodynamic 
obtained before the introduction of contrast ma- 
value for left ventricular end-diastolic pressure of 
an 12mm Hg was considered abnormal. 

ventriculography was performed in the right anteri- 
ique projection using a Viamonte- Hobbs volume in- 
and the films were interpreted according to previous- 
ed methods." In brief, the anterior, apical and in- 
‘segments were classified as normal or demonstrating 
nergy was further classified according to the 
)e contraction abnormality. Thus, hypokinesis 
| decreased contraction, akinesis the absence of 
| and dyskinesis paradoxical systolic expansion. 

















is kinesis. 8 


iphy was performed using either the 


Meglumine « diatrizoate (Re- 


Multiple views of each vessel — . 
nch dual field 1 image intensifi- EI 


neurysm. was defined as the presente of akinesis or 








Anterior Q's inferior Q's 


Li NUMBER WITH Q waves RQ ANTERIOR aneurysm 


ANEURYSM AKINE SIS OR m INFERIOR ANEURYSM 
DYSKINESIS 
FIGURE 3. Relation between pathologic Q waves and the presence 
of an aneurysm in the corresponding ventricular segment. See Re- 
Suits. The data from one patient with both anterior and inferior Q. 
waves were used twice. 


er (Siemens) and recorded on 35 mm (Shellburst) film. Sige E : s 


nificant obstruction was defined as 75 percent or greater 
stenosis of one or more of the three major coronary arteries 
(the right, left anterior descending or left circumflex coro- 
nary arteries). 

Statistical analysis was performed using the chi square 
test. 


Results 


Of the 216 patients, 119 manifested both coronary Hg 


artery disease and ventriculographic evidence of lo-... 
calized asynergy, 21 had global asynergy due to a con- | 


gestive cardiomyopathy and the remaining 76 had no ` de 


evidence of asynergy. il 
Pathologic Q waves were present in 64 patients. Q 


waves were found in the anterior leads in 30 andin . 
the inferior leads in 33. One patient had Q Waves. in. uos 


both the inferior and anterior leads. : 
Q waves and coronary artery disease: Coronary ye 


artery disease was present in 62 of 64 patients with 
pathologic Q waves. Two patients with Q waves, one. * 
with typical and one with atypical angina, had nor- 


mal coronary arteries and ventriculograms. Both of- 
these patients had Q waves in the inferior leads. All... 


30 patients with Q waves in the anteriorleads showed 


significant obstruction of the left anterior descending _ 


coronary artery. Similarly, 31 patients with inferiorQ __ g ; 
waves exhibited significant obstruction of therightor = 


cireumflex coronary artery. However, an inferior Q - 
wave in one patient was associated with an isolated E 
lesion in the left anterior descending artery. 


Q waves and asynergy: Of the 84 patients with E D 


pathologic Q waves, asynergy was present in 61. If the- 
Q waves were present in the precordial leads they de- . 
noted asynergy in 100 percent of patients and were — 
specific for anterior asynergy in 96 percent (Fig.1.Q . 
waves in the inferior leads reflected asynergy in 91 


percent and were specific for the inferior segment in 
76 percent Te " All three | pa ients with alse posi- ud 




















inferior Aneurysms 





Anterior Aneurysms 
: Li NUMBER WITH ANEURYSMS NUMBER WITH ANTERIOR Q'- 


im NUMBER WITH Q WAVES m NUMBER WITH INFERIOR Q's 


5 FIGURE 4. Frequency of aneurysms in association with pathologic Q 
waves. See Results. 












Although 55 patients (46 percent) without patho- 
logie Q waves had coronary artery disease and asyn- 
ergy, the severity of asynergy was significantly less in 
this group than in subjects with pathologic Q waves 
ig. 2). Among subjects with pathologic Q waves, 
ly 28 percent had hypokinesis whereas 72 percent 
ibited aneurysms. In contrast, asynergy without 
ociated Q waves denoted hypokinesis in 78 per- 
nt and a frank aneurysm in 22 percent (P « 0.001). 
Of 21 patients with asynergy due to a congestive 
cardiomyopathy, none had pathologic Q waves. 
..Q waves and aneurysm: Of 31 patients with Q 
waves in the anterior leads, 25 had an anterior aneu- 
. rysm (Fig. 3). Five of the remaining six had anterior 
"hypokinesis and one had inferior hypokinesis. Q 
“waves in the inferior leads denoted an aneurysm in 19 
- of 34 patients. Thirteen of these aneurysms were in- 
- ferior, four apical and two anterior. Conversely, of 
the 52 patients with ventriculographic evidence of an 
eurysm, 44 had pathologic Q waves. Of 34 patients 
with an anterior or apical aneurysm, 23 had anterior 
Q waves and 5 inferior Q waves (Fig. 4). In 13 pa- 
ents with an inferior aneurysm, 10 had inferior Q 
aves and one an anterior Q wave (Fig. 4). There 
were five patients with both anterior and inferior an- 
eurysms; four had pathologic Q waves. 
. — Only five patients in this study group had persis- 
tently elevated S- T segments. In all, they were in the 
anterior precordial leads and were associated with 
anteroapical aneurysms. 
me Q waves, asynergy and hemodynamic function: 
—. "There were 38 patients with Q waves and normal left 
" "ventricular end-diastolic pressure (Fig. 5). Twenty- 
- .gix patients had inferior Q waves and 12 had anterior 
< Q. waves. In contrast, of 25 patients with increased 
-left ventricular end-diastolic pressure, only 7 had Q 
. waves of the inferior wall; in 18 the Q waves were an- 
terior in location (P. «0.005). Also, patients with iso- 
d apical or anterior segmental asynergy were 
likely than patients with isolated inferior asyn- 
io have increased end-diastolic . pressure 
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0.01) (Fig.6). —— 





-. athy or valvular disease provide 
o significant association was found between the — 


Number of Patients 


p < .005 
VA ANTERIOR Q WAVES 
m INFERIOR Q WAVES 


FIGURE 5. Relation between the site of a Q wave and le 
end-diastolic pressure (LVEDP) in mm Hg. See Results. : 
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ANTERIOR OR APICAL ASYNERGY 
m INFERIOR ASYNERGY 
FIGURE 6. Relation between isolated anterior or api 


compared with isolated inferior asynergy and left ventri 
stolic pressure (LVEDP). See Results. - 
































site of asynergy as defined by either ventr 
or Q waves and cardiac output or stroke in 
was no difference in the number of hyper 
tients in the groups with or without Q wa 

Forty-one percent of patients with Q 
collateral vessels to the corresponding zi 
posed to 59 percent without such vessels. 


Discussion - 


Our data indicate that a pathologic Q wave 
relatively accurate assessment of the presen 
location and severity of asynergy. Asy 
found in 61 of 64 patients with patholo; 
Other studies have similarly found that Q 
cate coronary artery disease!!-!? and asy 
high percentage of patients. Q waves have 
by some authors in the absence of corc 
disease, but frequently the presenc 


. Although the finding of a 





i the ee. of aneurysms has been dé. 
at Pashmina examination. 15,16 However, 








1 E. aneurysms, whereas Gorlin 
nd a high correlation between aneurysms 
aves "bnt a much lower correlation with S-T 


ing foding s was the absence of A Q 
an all 21 patients with congestive cardiomyopa- 


presenti in tardioms opathy and should not be 
s evidence of coronary artery disease.!9!? 
r, to date we have found that the presence or 
-of Q waves in patients presenting symptoms 
failure has accurately discriminated between 
Wo groups. 

tion and severity of asynergy: The presence 
Q waves was of value in predicting accurately the 
nd the severity of asynergy. The question of 
casionally Q waves in the anterior leads were 
ated with inferior asynergy and Q waves in the 
eads were associated with anterior asynergy 
st. Since the apex of the left ventricle was 
nvolved in these cases and since the apical 
be reflected both anteriorly and inferiorly, it 
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: manifested. 


"Although the | pres nee cali a Qw wave e reliably predict- 
ed asynergy, 49 percent of the patients with coronary 
artery disease and asynergy did not have Q waves. A ` 
possible explanation for this finding is that asynergy . 
need not reflect scar tissue and, if viable muscle were . 
still present, Q waves would not be expected. This 
hypothesis is supported by the finding that 72 per- 
cent of patients with Q waves had aneurysms; how- . 
ever, in the absence of Q waves only 22 percent of pa- E 
tients with asynergy had aneurysms. wes 

Further, recent studies in our laboratory206?! havi 
indicated that segments with potentially reversible — 
asynergy can be identified according to an improve- — 
ment in their contraction pattern after administra- 
tion of nitroglycerin.2° Only 44 percent of segments - 
with Q waves demonstrated improvement by this 
technique, whereas 84 percent of segments without 
e Q waves showed residual contractile abili- 
y?! Chatterjee et al.?? have recently shown that in 

don with electrocardiographic evidence of infarc- . 
tion the segment corresponding to the Q wave shows 4 
infrequent and then only minimal improvement. 
Thus a pathologic Q wave clearly identifies both 
more severe and irreversible asynergy. 
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| atory Effects of Tazolol in Experimental 
cardial Infarction 


HOWARD T. BUCKLEY, MD The hemodynamic effects of tazolol, a new tong- selina: beta-st 
THUR M. STROSBERG, PhD ing drug, were studied in dogs with acute pump failure 
ALD C. HARRISON, MD, FACC perimental myocardial infarction and the results were € 
the actions of isoproterenol given in small and large doses. 
duced a significant and sustained increase in cardiac output ; 
volume, while causing a decrease in peripheral resistance ai 
aortic pressure. Heart rate was only modestly increased. 
with isoproterenol at equivalent doses, tazolol appeared t 
S-T segment elevation at the margin of infarction. The incre 
ble product (systolic pressure X heart rate) produced by t 
also considerably less than that of isoproterenol. Tazolo 
be a useful addition to the drugs available for the treatment í 
dial failure of various causes. It is now being studied in 'P 
heart failure due to coronary artery disease. i 


tanford and Palo Alto, California 


At present, the cardiac glycosides, a variety of catecho: 
glucagon are the inotropic drugs available for the treatm: 
cardial failure.^? Each of these agents has limitations o 
side effects that make it less than ideal for the treatrnent 
dial failure. Digitalis preparations have been shown to in 
size of experimentally produced myocardial infarction 
and appear to have minimal hemodynamic benefit in s 
and in man early after infarction.*® Recently, investigators 
cast doubt upon the efficacy of digitalis compounds i inc 
ventricular disease." 

Although several catecholamines produce beneficial hemo 
changes in the treatment of acute pump failure of variou: 
they are capable of inducing arrhythmias and excessive tack 
Since they increase both rate and force of contraction, th 
increase oxygen requirements of the myocardium, Lik 
glycosides, isoproterenol has also been shown to incre: 
experimental myocardial infarcts.” Because of the rapid 
of action and the need for constant intravenous infusion « 
cholamines, their use is generally limited to acute med 
cies. Glucagon has also been shown to increase contract 
isolated cardiac muscle? but has caused only small incr 
ac output in patients with heart disease”! Glucagon must 

CUM istered parenterally and a new side effect, the formation 
From the Cardiology Division, Stanford Universi- aggregates in the lungs of animals receiving long-term i 


egosdiadbenaipi ii y ied infusion, has recently been reported? Thus, the: arch 
ch, Palo Alto, Calif. This work was support- tropic agents continues. js 
ge by National Institutes of Health Grant Recently, tazolol (Lisopropylamino-3- (2- thiazoloxy)- 
HCl) (Fig. 1) was synthesized and shown to incr | 


tractile Sadang heart rate, cardiac pa 4 















PROPRANOLOL HCI 
2 „CH 
.0-CH-CH- CH-NH-C H -HCI 


ae 29 OH CH, 
URE 1. The structure of tazolol differs from that of propranolol in 


at the naphthalene ring of propranolol is replaced by a thiazole 
ng. U like. propranolol, tazolol possesses only mild beta adrenergic 





























































no. of Dogs Treatment 
8 Saline solution, intravenous 
bolus injection, (0.1 cc/kg) 
8 Tazolol, intravenous bolus 
injection, (4 mg/kg) 
4 isoproterenol, variable in- 


fusion rate to maintain 
same increase in cardiac 
output as that caused by 
tazolol (0.05 to 0.1 ug/kg)* 
4 Isoproterenol at constant 
infusion rate (0.1 ug/kg) 





‘his group was studied after completion of studies in Group 


tazololi in the category of a selective beta; stimulating 
drug | by the modern classification of adrenergic 
ents. Its duration of action is relatively long, with 
fects lasting 2 to 3 hours after a single intravenous 
ose, and it has also been reported to be orally active 
the dog.!? Tazolol alsc possesses mild beta adren- 
E blocking properties.!! 

"These hemodynamic activities of tazolol may make 
n attractive inotropic agent for the treatment of 
myocardial failure. Accordingly, we have studied the 
dh responses to tazolol in dogs with acute 
ocardial failure produced by experimental myo- 
i al infarction. 








Methods 


birt six mongrel dons (15 to 22 kg) were anesthetized 
of alpha chlcralose (80 mg/kg body weight) 
: 50 mg/kg) 30 minutes after premedication 
üne su fate a mg/kg). Supplemental anesthetic 
rneal reflexes were noted. 
jed with a cuffed endotracheal 
respirator. Arterial blood pH 
oxide and oxygen were 
eter odel AME: Aste o or, 












Experimental Infarction 








Ao 


HR — CO SV dP/dt Mean* =~ PR* 





Group | (Saline Solution, 8 Dogs) 


“Mean preinfarct 141 2696 19.1 4232 109 38.5 


Mean 30 minutes 
postinfarct 
Mean change 430—695  —7.7 ~—1231 —8 | } 
% change +24  —25.8 —40 | —29.1 —7 +27. 
(Mean infarct size 46 percent [40 to 54 percent} of 
entire left ventricte) 


~ Group m (Tazolol, 4 Dogs) 


Mean preinfarct 163 2720 17.7 4625 27 46.5 
Mean30minutes 169 2082 12.4 3269 120 60.1 
postinfarct 
Mean change +6 —638 —5.3 —1356 —7 
% change 43.6 —23.4 —29.9 —29.3 -—5.5 
(Mean infarct size 47 percent [39 to 53 per- 
cent] of entire left ventricle) 


Group " (isoproterenol Small Dose, Variable Infusion, 4 Dogs) 


Mean preinfarct 183 2701 15.3 5750 121 44.8 8 
Mean 30 minutes 188 1909 10.3 3725 103 53.3 
postinfarct ui 














Mean change +5 —792 -—5 —2025 —18 +8.5: 


413.6. 
429.2. 


% change 42.7 —29.3 —32.7 —35.2 —14.9 419 


(Mean infarct size 43 percent [38 to 48 per- 
cent] of entire left ventricle) 


Group v (Isoproterenol, Large Dose, Constant Infusion, 4 Dogs) 





enean —— 





Mean preinfarct 156 2550 16.7 4365 121 48.5 
Mean 30 minutes 160 1964 12.4 2650 57 48.7 
postinfarct 
Mean change +4 —586 —4.3 —1715 —24 0 
% change +2.5 —23 25.7 —39.2 —19.8 0 
(Mean infarct size 45 percent [42 to 49 per- 
cent} of entire left ventricle) 





* The decrease in aortic mean pressure after infarct is slightly 
but significantly greater in Group IV than in the other groups, 
and this group has no change in peripheral resistance compared 
with significant increases in the other groups. 

Ao mean = aortic mean pressure (mm Hg); CO = cardiac 


output (cc/min); dP/dt = first derivative of left ventricular > 


pressure (mm Hg sec); HR = heart rate (beats/min); PR = 
peripheral resistance (units); SV = stroke volume (cc). 


Corning Scientific Instruments model 165 blood gas ana- 


lyzer. Respiratory rate and volume were adjusted and bi-. 
carbonate administered to maintain blood gases as close as: 
possible to the physiologic range. (pH 7. 4, PO? 100 mm Hg, : 
PCO»; 30 mm Hg). The chest was opened by median ster- 


notomy and the pericardium opened to expose the heart. 
The right internal jugular vein was cannulated with a. PE 
240 catheter for administration of drugs. Instrumentation 
for measurement of left atrial, aortic and. lefi 
pressures, first derivative of left ven 
dt) and aortic flow. was cn ried ou as prev 

ni fused 









CARDIAC OUTPUT 























= 
HEART RATE 


IGURE 2. Percent change in cardiac 
output. (upper panel) and heart rate 
er panel) after drug administra- 

ion. Percent change and standard 
error of the mean are represented on 
7 Y axis with time on the X axis. 
and all subsequent figures use 
same key: NSS = Group |, nor- 

mal contro! animals treated with sa- 





ine solution; TAZ = Group Il, animals 
treated with tazolol; LDI = Group Ill, 
mals given isoproterenol in small 
loses or at variable infusion rates; 
DI = Group IV, animals given iso- 
erenol in large doses or at con- 

















nt infusion rates. 


-80 minute period of stabilization, preinfarction control 
"measurements were made. 
‘Myocardial infarction was produced by serial ligation of 
: branches of the circumflex and left anterior descending ar- 
feries as described elsewhere,!> until a decrease in cardiac 
‘output of 25 to 30 percent from preinfarction values was 
noted. Epicardial electrodes were then attached over (1) a 
<- moninfarcted area (control), (2) the center of the infarction, 
and (3) the visible margin of the infarction. After another 
30 minute period of stabilization, postinfarction—that is, 
re-drug— measurements were made. Lidocaine in a 20 mg 
intravenous bolus injection was given as needed to suppress 
requent premature ventricular contractions when they 
'ere.noted. The dogs were separated into four subgroups 
Table I) and treated with either normal saline solution, ta- 
olol or one of two regimens of isoproterenol. Hemodynam- 
c measurements and epicardial electrograms were record- 
ed at 1, 5, 15, 30 and 60 minutes after drug administration. 
After completion of the observation period, the animals 
were killed and the size of the infarct was estimated with 
an Evans blue dye injection technique.!^ Three dogs died 
during instrumentation, and 9 died after infarction from 
subsequent ventricular fibrillation, leaving 24 studies for 
full evaluation. Data were analyzed by a repeated measures 
analysis of variance.!9 


v Results 
sponse to Infarction 

"Significant reductions in cardiac output, stroke 
e, and dP/dt were observed in all four groups of 
response to infarction (Table II). Mean aortic 
sure decreased, but to a lesser degree. With the 
ption of Group eceiving the constant, large 
; i pro renol, no > significant, giier 


ences in pre- and postinfarction measureme 
noted. Group IV had a significantly great 

in mean aortic pressure than the other thri 
and essentially no change in peripheral resis 
compared with significant elevations in 
groups. Infarction size was consistent from 
group and averaged 46 percent of the entire. 
tricle in Group I (treated with saline solu 
percent in Group II (treated with tazolol), 43 
in Group III (treated with variable, small 
sion) and 45 percent in Group IV (treate 
proterenol, large dose, constant infusion). 


Response to Drugs After Infarction 
Cardiac output and heart rate (F 


icant (27 enn at 60 minutes. The 
heart rate produced by tazolol was modest. 
peak of 8 percent at 15 minutes. Although 
nol in the small dose, variable infusion g 

III) did not increase cardiac output to 

tent as tazolol, the increase in heart rate 

was significantly greater s d. 










per re 
In contrast, large dose isop: ; 
: than 100 percent increase in dP/dt, but no greater 
ricular dP/dt fri 4): The group treat- than a 60 percent i increase in cardiac output. DUE 
saline solution showed no change in dP/dt. Mean aortic pressure (Fig. 5): A minimal in- t6 
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FIGURE 3. Percent change in stroke 
5 min 15min 30 min 60 min volume after drug administration. 
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FIGURE 4. Percent change in left ^. . 
ventricular dP/dt after drug amne "E 
tration. rx 
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as not signifi d different from that of small 

oproterenol. In this study, large dose isopro- 

produced a minimal and inconsistent effect 

mean aortic pressure. Possibly this was caused in 

by the reduced control aortic pressures in this 
group after infarction (Table II). 

ripheral resistance (Fig. 6): The group treat- 

ed with saline solution showed a modest increase in 

sistance. Tazolol produced a sustained 30 to 35 per- 


ences between the changes in syste 
rate product caused by saline solutior 
observed. In contrast, both levels 
produced significant increases which w 
marked in response to the larger dose. 
Marginal S-T elevation (Fig. 8): Anim 
with saline solution showed a significant 
elevation of the S-T segment in the marg 
dial electrogram. Initially, the groups treatec 
zolol and the small dose of isoproterenol hi 





PERIPHERAL RESISTANCE 











URE 6. Percent change in periph- 
resistance after drug administra- 
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AN 
A FIGURE 8. Change in S-T segment 


elevation recorded by marginal epi- 
cardial electrodes after drug adminis- 





5 min I5 min 


































rage increase of 1.5 mv. In the latter group, 
| ion remained at this level throughout the 
ation period; in the tazolol-treated animals, S- 
elevation progressively decreased. The greatest in- 
ease in S- T elevation was observed in the group 

ed with large dose isoproterenol. S-T changes 
‘to those occurring in the marginal lead were 
lin limb lead II and the central infarct 
ectrogram in each of the treatment 
js. None of the agents elevated the S-T seg- 
| of the epicardial electrogram over those of nor- 


A Discussion 
odynamie and myocardial effects: Our 
with tazolol show it to be an effective and rel- 
ng-acting agent for reversing the abnormal 
ynamics of myocardial failure produced by ex- 
tal infarction in dogs. The beneficial hemo- 
mic effects include an increase in left ventricular 
actile state, as manifested by an increase in left 
entricular dP/dt, cardiac output and stroke volume 
d a decrease in peripheral resistance. 
The importance of decreasing afterload or systemic 
resistances in the acutely infarcted failing 
art with high filling pressures has recently been 
‘emphasized.’ The agents generally employed for this 
(nitroprusside, phentolamine) possess no in- 
c inotropic activity and their beneficial effect is 
reduction of preload and afterload with subse- 
increase in cardiac output, and either identical 
d cardiac work.!’ Tazolol produces a signifi- 
d sustained decrease in peripheral resistance 
vell as an increase in myocardial contractility due 
intrinsic beta stimulating properties. Thus, it ap- 
e o offer significant advantages over agents that 
r afterload. 
ough not specifically studied, the dose-re- 
e of tazolol appears to be relatively flat. 
g/kg to be the smallest optimal dose in 
ut no untoward effects were noted with 
.16 mg/kg. In fact, the hemodynamic re- 
lly the same at these higher dose 
appears to have a self-limiting 
oproterenol, does not cause a 



















$0 min 60 min volts. 


dose-related severe tachycardia and, unlike nitro- 
prusside, does not cause dose-related severe hypoten- . 
sion. 

In our studies, tazolol did not appear to increase 
myocardial oxygen consumption. Although this vari- 
able was not directly measured, tazolol did not cause 
an increase in double product (systolic pressure X 
heart rate), which is in contrast to isoproterenol. 
Since this product has previously been related to 
myocardial oxygen demands,'® our studies suggest 
that myocardial oxygen consumption was not: 
changed by administration of tazolol. Also, unlike 2 
other inotropic agents used in the treatment of pump: 
failure, tazolol did not appear to produce further 
ischemia in marginal tissue closely approximating the 
infarction, as judged by elevations in the S-T seg- 
ments of epicardial leads. Elevation of S-T segment. 


at the margin of infarction has been correlated with — 


extension of the infarction in previous studies.’ ; 
Mechanisms of action: The exact mechanism of 
action of tazolol remains obscure. In the dog, it ap- 


pears to be a selective myocardial beta stimulant _ ; 


with its cardiac but not peripheral effects (mild vaso- 
dilation) inhibited by beta adrenergic blocking 
agents.'!!2 Recently, these findings have been con- 
firmed in the cat.!8 In addition, tazolol produces an 
increase in plasma free fatty acid, but has no signifi- 
cant effect on blood glucose, lactate or potassium. 


The lipolytic action as well as the cardiac action is — . 
blocked by propranolol! Although these findings — 


place tazolol in the category of a beta; stimulant, - 
studies to date have not shown stimulating effects on 
myocardial adenyl cyclase.!? In contrast, tazolol has 
been shown to inhibit isoproterenol stimulation of 
myocardial adenyl cyclase, an observation in keeping. 


with its mild beta blocking activity. This contrasts. 


markedly with catecholamines and glucagon.9?? Also, 
tazolol has not been found to inhibit phosphodiester- 
ase activity.? Normal activity in reserpenized and. 
adrenalectomized dogs would seem to preclude indi- 
rect action. Further work is necessary to characterize 
the exact mechanism of action of tazolol. . 

Clinical implieations: Because of it 






_ long duration of action and because 


tration. Units on Y axis are in mili ~. 








a usefu: agent à in "the treatment b 
e dial failure of various causes. It has been: ap- c 
ved for clinical studies by the Food and Drug Ad- 
nistration. Two preliminary studies in man have 
trated major inotropic actions for tazolol, and 
iore widespread clinical studies are now in progress. 
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ts. of Changes in Preload, Afterload and Inotropic 
eon Ejection and Isovolumic Phase Measures of 
o ractility in the Conscious Dog 


Despite much investigation, the usefulness of various indexes em-.. 
ployed clinically for detecting alterations in ventricular contractility in 
the intact circulation remains controversial. The effects of acute pre- 
load, afterload ard contractility changes on both ejection and isovolu- 
mic phase measures of left ventricular function were analyzed in nor- 
mal, trained conscious dogs instrumented with micromanometers and 
endocardial ultrasonic diameter gauges. Rapid volume overload in- 
creased the excursion of the left ventricular diameter (A LVD) by 7 > < 
percent above the control level, but mean velocity of circumferential — 
shortening (Vcr) did not change significantly; peak rate of left ventric- — . 
ular pressure rise (dP/dt) increased by 11 percent and (dP/dt)/DP40. : 
(DP = developed pressure) was augmented by 10 percent, but maxi- 
mal [(dP/dt)/LVP], or “Vom,” decreased by 20 percent. Pressure over 
load by phenylephrine infusion decreased A LVD by 15 percent and 
mean Vc; fell by 26 percent; peak dP/dt and (dP/dt)/DP40 remained : 
unaltered, but Vpm was reduced by 37 percent. Isoproterenol augment- | 
ed peak dP/dt by 55 percent, and (dP/dt)/DP40, Vom and mean Vcr 
were increased comparably. Propranolol decreased these measures 
equally by about 16 percent. Therefore, in the conscious animal in the - v : 
steady state, isovolumic phase indexes were mildly influenced by — . 
acute volume loading, whereas ejection phase indexes were not. 
Acute increases in aortic pressure markedly reduced ejection phase —_ 
measures, whereas the isovolumic indexes were unaffected. All of the — 
indexes studied were comparably sensitive to acute alterations in con- 
tractility, but we conclude that no single measure can always be used . e 
for defining an acute contractility change in the intact circulation. l 



















iovasčular Division, Department The influence of sequentially induced, acute alterations of preload, 
iniversity of California, San Diego afterload and contractility on measures of left ventricular perfor 
dicine,- La Jolla, Calif. This study mance have received little systematic study in the conscious anima 
orted by Grant HL-12373 from the Na- The simultaneous measurement of left ventricular pressure and di- 
t and Lung Institute, National Insti- mensional changes has provided the opportunity to assess the effect: 
Bethesda, ‘Ma. Manuscript ac- i 
; 7 of these interventions on both ejection and isovolumic phase mea- . - 
sures of contractility. Therefore we have examined the usefulness of . 
several indexes of contractility that are frequently used clinically for = 
detecting acute changes in contractility in the intact circulation of. 
the awake dog. 






Methods 


Beven mongrel dogs, ranging in weight from 15. 9 to 30. 9 k ave 
16 o [andera error} kg), underwent a left-sided thoraco 
I "ste ile conditions | use of | 


CONTROL 0 PHENYLEPHRINE INFUSION 






























































» PLE IS 
E 1. Original tracings during resting state (left) and during phenylephrine infusion (right) at controlled heart rate in the consc 
m to bottom are listed: left ventricular pressure (LVP) from a | high fidelity manometer; first derivative of the left ventricular ss 


Shanes rubber catheter (inner diameter 1.1 mm) for measurement induced by angular distortion up 
sure calibrations were inserted at the left ventricular below 4 percent of the total measured distance. 
yex through a stab incision. Two 4.5 mm ultrasonic crys- locity of circumferential fiber shortening (Ver) 
lst? were inserted at opposing sites through the anterior lated as the systolic excursion of the diameter. 
d the posterior left ventricular walls and positioned at is (f 
idocardial surface for continuous measurement of the left ventricular dP/dt to the nadir of the diamete 
meter of a transverse left ventricular chord? Pacing Fig. 1). Vcr is presented as both an absolute valu 
trodes were sutured to the left atrial appendage. The meters per second and normalized for end-diastolic 
pacing wires, ultrasonic crystal leads and the left ventricu- ter, expressed in circumferences per second € 
ar catheter were implanted subcutaneously in the neck 
iere they could easily be exposed for subsequent studies. 
onstant current stimulator (Nuclear-Chicago, model 
50) was used for atrial pacing. Measurements were re- the base at postmortem examination. It p be 
ded on an eight channel forced ink pen oscillograph that normalized Vcr is increased in apical segmet 
(Hewlett-Packard, model 7868A) and stored on frequency this finding may explain some of the scatter and ! 
modulated magnetic tape (Honeywell 7600) for subsequent tively high average value for mean Ver. in: these 
ata analysis. The output from the micromanometer was mal 
adjusted to the pressure measured through the fluid-filled subjects?€8 when the true minor equator of the le 
theter with a Statham P23Db transducer, which was cali- cle was used. Maximal Vcr was obtained by elect 
brated directly with a mercury manometer; the zero refer- iti 
ce point was at the level of the vertebral column. The normalized mean and maximal Vcr was des 
cings from the high fidelity transducer were recorded at following equation, calculated with 69 pairs d 
full scale and at high gain for accurate measurement of left tervention: maximal Vcr = 1.09 (mean ver) - 
ventricular diastolic pressure. The first derivative of the 0.94. , 
ntricular pressure pulse (dP/dt) was obtained from In four animals, highly significant (r = 
h fidelity pressure signal by electronic differentia- were obtained between A. LVD and stroke vol 
which provided a linear frequency response to 100 ter being derived from dye-dilution curve 
Pe nov... D green). These correlations were obtained 
signals from the ultrasonic diameter gauges were variations in heart rate and end-diastolic diam 
ated for diameter equivalents of 15 to 40 mm in steps. confirming that A LVD cotrénponide to chana h in 




















HR LVEDP = ANSP 


Loading and Inotropic Conditions on Left Ventricular ressure and Diameter and Their Derivatives in Six Dogs - 


Lv dP/dt 





max{(4P/dt)/LVP] (aP/dty/DP40 - 


















8 z2 1.1 1.3 4 5 
«0.004 


3 4 1.4 1.2 8 3 





109 188 8.4 26.8 140 213 3810 


PR. SUN NS «0.0003 «0.0005 
iproterenol 
Ave c 18 150 1L0 5.5 (148 142 3530 
6 8 2.1 1.8 7 5 
«0.001 «:0.0007 NS 
109 104 6.3 10.3 136 145 
6 5 L7 1.8 4 6 
NS «0.0001 NS 


(min) (mm Hg) (mm Hg) (mm Hg/sec) {sec} (seem): 
Sa € pode d 1 ge € UO. 07 d ME 
Volume load S) 
Ave o Hai 1 97 20.5 143 163 3890 430 111 69.1 543 80 0903 97.9 10 
it i 


360 3 5.9 4.5 6 9.9 9. 
«0.05 «0.04 «0.05 


3670 98 74.2 46.2 63 822  Á 818 102 
. 220 5 4.3 4.0 4 9.7 5.8 5 
NS «0.0004 NS 


5430 155 67.3 108.5 160 79.5 122.6 156 
390 6 6.0 13.2 8 7.1 10.1 7 
«0.0003 «0.003 «0.0003 


3000 82 70.6 , 
200 3 8.1 4.6 3 9.3 6. 
«0.02 «0.01 «0.02 


55.9 79 79.8 68.6 87 
2 2 


















ed by the conventional dye-dilution method 
erable range of left ventricular diameters, a 
eviously described using electromagnetic flowme- 
lyze beat to beat alterations in stroke volume 9-19 
load: Each deg was permitted to recover from 
ion for at least 2 weeks and trained to lie quietly 
| t side on a table. At the time of each study the 
gs vigorous and healthy, had normal temperature 
and hematocrit values ranging from 34 to 42 percent (mean 
39 4- 2 percent). In each dog control observations were re- 
rded during spontaneous sinus rhythm and during in- 
eased heart rate induced by atrial pacing or injection of 
small doses of atropine, or both. Ten studies with rapid vol- 
overload were performed in seven dogs during sponta- 
us sinus rhythm by infusing 250 to 600 ml of lactated 
inger’s. solution* over approximately 5 minutes; these 
fusions increased the left ventricular end-diastolic pres- 
o an average of 22 + 1 mm Hg (range 17 to 25 mm 
.. The effects were compared with control observations 

iselv matched heart rates. 

load: Left ventricular systolic pressure was in- 
‘means of a phenylephrine infusion (0.1 to 0.22 
in nine studies in six dogs to an average of 211 + 9 
range 200 to 230 mm Hg) at a matched left ven- 
diastolic pressure of 24 mm Hg. To eliminate 
ions in initial cardiac filling and to ensure suffi- 
us return during administration of phenyleph- 
ml of lactated Ringer's solution was infused 
ssure load. Heart rate was held constant dur- 
rine infusions at an average rate of 108 + 8 
cing or small doses of atropine, or both. 
vas chesen because its effect in the awake 
id and shorter in duration than that of 


pr 
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30 mEq; potassium 4 mEq, calcium 3 
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average; C = contol; ALVD = systolic excursion in left ventricular diameter; (dP/dt)/DP40 = ratio of left ventricular dP/dt at 
sd left ventricular pressure of 40 mm Hg; HR = heart rate; 1 — 
LVEDD = left ventricular end-diastolic diameter; LVEDP = 
pressure; max [(dP/dt)/P] = maximal ratio of left ventricular dP/dt over total left ventricular pressure (synonymous with Vpm, 


intervention; LV dP/dt = peak velocity of left ventricular pres- 
left ventricular end-diastolic pressure; LVSP = left ventricular 


methoxamine. Phenylephrine is reported to have a slightly 
stronger positive inotropic effect than methoxamine!!; 
however, both of these drugs exhibit far less inotropic ac- 
tivity than epinephrine in a dose sufficient to increase sys- 
temic diastolic pressure by 70 mm Hg, and in awake dogs 
phenylephrine has been noted to exert a minimal effect on 
contractile force.!? To study the influence of altered con- 
tractile state during pressure stress, phenylephrine infu- 
sions were also carried out in three dogs during a simulta- 
neous infusion of isoproterenol, 0.001 to 0.002 mg/min. 


Inotropic interventions: In 14 studies in six dogs, bolus 
injections of isoproterenol (0.002 to 0.004 mg) were also 
given intravenously after recovery from the phenylephrine 
infusion 15 to 30 minutes after peak pressure was reached. 
The effects of propranolol (0.25 to 0.5 mg/kg) were studied 
in seven animals. The effects of propranolol on heart.rate 


were counteracted either by atrial pacing or by intravenous ; 


administration of atropine after beta adrenergic blockade. . 





LEI (continued) 
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31.4 33.4 P x n 2.11 68.6 68.0 * 2.93 
2.5 2.4 : ; . 0.20 6.8 7.2 . 0.27 
<0. 0005 . NS NS NS 


33.4 35.8 . 9. . 1.61 67.9 54.3 ] 1.93 
SEM 3.1 32 : . 0.27 0.24 5.3 6.4 . 0.23 
SP «0.0004 «0.0008 «0.002 «0.002 
Isoproterenol Ci Bi 
60.4 83.9 141 2.61 3.65 14 .848 1 
0.29 0.35 6 
<0.0006 


33.7 31.4 10.0 11.4 
2.8 2.7 
<0.03 


1.89 2.83 153 
0.26 0.33 6 56 5.6 6 
<0.0003 <0.0001 


33.0 34.5 3 10. 2.22 1.80 82 : ; 2.86 2.38 83 
2.] 2.8 0.29 0.22 0.25 0.24 3 
«0.002 «0.02 «0.002 


peak measured velocity of contractile elements); mean and max Vcr — 


Results 


Average hemodynamic and left ventricular dimen- 
ion data from the simultaneous studies on isovolu- 
mic and ejection phase indexes of left ventricular 
contractility in six dogs are shown in Table I for each 
f the interventions. Figure 1 shows a typical original 
acing recorded in the resting state and during infu- 

n of phenylephrine. Figure 2 summarizes the aver- 

> changes induced by the different interventions on 
he ejection phase and isovolumic phase indexes, 
ompared with the changes in peak left ventricular 


. Figure 3 gives the average results of volume load- 
ig related to different levels of left ventricular end- 
diastolic pressure during a rapid infusion of lactated 
Ringer's solution in seven dogs. The pressure in- 
creased from 6 + 1 to 22 + 1 mm Hg (P «0.001) and 
was. associated with an increase in left ventricular 
end-diastolic diameter from 31.4 + 2.2 to 33.8 + 2.5 
mm (P <0.004). Left ventricular systolic pressure 
‘was augmented by 20 mm Hg from 136 + 6 mm Hg 
(P. «0.001), and stroke excursion (A LVD) increased 
| percent over a control value of 10.5 + 1.1 mm 


mee The i increase in heart rate rd 10 beats/min 


mean and maximal velocity of left ventricul: 


dogs at left ventricular end-diastolic press 
+ 1 and 21 + 1 mm Hg. Peak dP/dt incre 
percent (P <0.05) from 3890 + 400 mm 
control and (dP/dt)/DP40 was augmented 
cent (P «0.05). However, maximal [(dP/d: 
Vpm decreased by 20 percent from 69.1 + 
«0.04). Neither normalized mean and : 
(cire/sec) nor absolute values (mm/sec) 3 
cantly changed from control levels Dies 2M) ; 


Pressure Load 


Average results from six dogs at mèith 
left ventricular end-diastolic pressure rang 
to 24 mm Hg during the pressure loa 
ments are illustrated in Figure 4. Table 
strates the average data from the phenylep! 
sions in which left ventricular systolic | 
creased from 140 + 8 to 213 + 3 mm Hg, le 
ular end-diastolic pressure from 8 + 1 to 27 
Hg and left ventricular end-diastolic diam 
33.4 + 3.1 to 35.8 + 3:2 mm (P <0.0005) 
creased throughout the phenylephrine | 
and was decreased at its conclusion by 15 + 
from a control value of 10.8 +.0.8 mm 
suggesting that a decrease in stroke volume | 
lar percentage occurred (see Methods) : 

Peak dP/dt, and (dP/dt)/DP40 remaine 
ed by the phenylephrine infusions, wher 
clined by 37 + 4 percent (P <0.0004). The | 
normalized and absolute mean and m 


all experiments ranged between 


"m fall. P <0. T. from. control il valn 









D. PROPRANOLOL FIGURE 2: Percent change (% A) in teft ventri 
NS . p<0.0005 p«O002 B<OO! p<008 p<002  p«O0P pcO00P ular peak dP/ dt compari ed with two other i isovi 
: lumic phase indexes of contractility, the. peak 
ratio of dP/dt to total left ventricular pressure. 
(Vor) and the ratio of dP/dt to developed left 
ventricular pressure at a developed pressure of = 
40 mm Hg (DP40), and with two ejection phase = 00> 

parameters, mean and maximal velocity of cir- o 
cumferential fiber shortening (Vcr), induced by: 
acuts volume and pressure loading and altered. 
contractility (panels A through D). The num- 
bers above the bars indicate P levels from com- — < 
LÀ MEAN Vor Bl woo T +56, 2-6 parison with control; NS = not significant (P... — 
70.05); p = significance level; SEM = standard 
MAXIMUM Veg error of the mean, j 
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FIGURE 3. Avérage values from seven dogs 
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rape infusion of lactated Ringer's solution related to 
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Uv x to CONTROL 


immHg/sec). = LV 


(circ/sec) - 


p«0.002* 


«003 
P PX002  p<003 


9<0,02* 


| 
i 
| 
| 


p«0.002* 





Lb Gen Pm 
Tc —H— —Á——— ite | 
8 12 16 20 24 
a LVEDP (mmHg) 
FIGURE 4. Average measures from six dogs related to matched lev- 
“als of left ventricular end-diastolic pressure during phenylephrine 
; infusion at controlled heart rates. Abbreviations as in Figure 3. 


Figure 5 shows a representative experiment com- 
paring phenylephrine infusion in the control state 

nd during a simultaneous infusion of isoproterenol. 

1 three experiments the average dP/dt was in- 
creased by 55 percent and mean Vcr by 47 percent 

ver control values at the conclusion of a comparable 

ressure load, whereas A LVD was reduced by only 4 
percent from the value in the unloaded state. 


; Inotropic Interventions 


Bolus injections of 0.002 to 0.004 mg of isoprotere- 
.. nol in six dogs resulted in a heart rate increase of 42 
< + 6 beats/min (P «0.001), a decrease in left ventricu- 
Jar end-diastolic pressure of 6 + 1 mm Hg and a de- 
:eline in left ventricular end-diastolic diameter of 2.3 
+ 0.7 mm (both P. <0.03), whereas the effect on left 
entricular systolic pressure was found insignificant. 
-LVD increased by 15 + 4 percent (P <0.006). Peak 
P/dt was augmented by 55 + 6 percent compared 
ith an increase in Vpm and (dP/dt)/DP40 by 60 and 


percent, respectively (both P <0.003). Normalized 


n and maximal Vcr increased by 53 + 6 and 42 
percent Ch E <0. 0.088), Whereas the absolu 


© Control 
4 Isoproterenol Infusion 


mean VCF 
(circ/sec) 


i6 20 PE 
LVEDP (mm Hg) 
FIGURE 5. Example of a phenylephrine infusion (contre 


basal level of contractile state (circles) and during. 
infusion (triangles). Abbreviations as in Figure a: 


values were augmented by 41 and 32 per 
<0.0004) (Table I, Fig. 2C). . 

At matched heart rates, 0.25 to 0.5 
pranolol caused significant increases in | 
lar end-diastolic pressure (mean = 4 + 
<0.0001) and also in left ventricular end 
ameter; the augmentation of left ventricul 
pressure was not significant. Table I 
compare the decrease in peak dP/dt (ave 
percent) with the changes in Vpm and (dP/d 
which were reduced by 21 and 13 percen 
ly (both P <0.02). Propranolol produced 
mean and maximal Vcr (both normalizec 
lute values) ranging between 13 and 18 perce 
«0.02). 


Discussion.. 


those found in previous studies. Alth: í 
isovolumic phase indexes have been 
anesthetized and awake dogs!#17 17-20 and in 


ejection and faovoluniic phase inde tes. 


ma to be clinically: useful? 2 ud * ti 








sre changes i in contractility. Although 
1 chest animal it can be markedly altered 
g preload 7425 it has been shown to be rela- 
: itive to moderate alterations in preload 


sizable average change in left ventricular 
pressure of 11 mm Hg is not necessarily 
with those previous data in which no 
served. Isolated changes in afterload 
sly been shown not to affect left ventric- 
the normal sedated dog,?9 and in anes- 


d aortic pressure limits the full development of 
left ventricular dP/dt?" Despite these po- 
yroblems, peak left ventricular dP/dt is 
be highly sensitive to inotropic interven- 


artison of isovolumic phase indexes: The 
ion among the different isovolumic phase in- 
as performed to assess their preload and af- 
ependency i in the awake animal under more 
nditions than in a previous study in which 
fects of reducing preload on isovolumic in- 
“examined.!4 The ratio (dP/dt)/DP40, 
wa previously found not to be influenced by 
ges in preload, 14 showed an increase simi- 
hat in peak dP/dt with large increases of filling 
ssure produced by volume loading, in agreement 
| experiments in anesthetized dogs.” It was not 
tive to pressure loading. and its sensitivity to in- 
tropic interventions was comparable with that of 

c left ventricular dP/dt. The maximal ratio of left 


ure led to a decrease in Ves by 20 percent 
en level. TREO AE aortic pressure with 





uman sie fa 20,21 However, 
ensitive to peak left ven- 
DP40 for assessing inotro- 
ented inotropic state was 
in left ventricular end- 


; P 
locity, 


sed fiber eee at con- 
stant afterload in isotonic contractions.?? However, in 
the present studies in the intact circulation concomi- 
tant with the increase in diameter there was a small 
increase in systolic ventricular pressure; this factor 
would serve to augment the afterload and thereby 
tend to reduce shortening velocity.?5?? These two ef- 
fects therefore appear to cancel one another, result- 
ing in an unchanged mean or maximal Vcr after vol- 
ume loading whereas peak left ventricular dP/dt was 
somewhat enhanced. Vcr, on the other hand, is in- 
versely related to the afterload when ventricular dia- 
stolic volume is held constant?92? Afterload is, of 
course, markedly increased during steady state pres- 
sure loading, and significant decreases in the value 
for mean Vcr occurred during phenylephrine infu- 
sion, despite substantial concomitant elevation of the 
left ventricular end-diastolic pressure. Similar re- 
sponses were noted with maximal Vcr and A LVD. 
After a bolus injection of isoproterenol, mean Vor 
showed an increase similar (53 percent) to that of 
peak left ventricular dP/dt. Administration of a small 
dose of propranolol was followed by a decrease of 
peak left ventricular dP/dt to 82 percent of the con- . 
trol value, and Vcr decreased comparably. When 
phenylephrine infusion was performed during en- 
hancement of the inotropic state (Fig. 5), Vcr was 
sensitive to the change in the contractile state 
throughout the infusion. Therefore, in interpreting 
ejection phase measures as indexes of contractility it 
is necessary to determine them at defined conditions . 
of afterload. 

Parameters derived from the ejection phase of left- 
ventricular contraction, such as the velocity of cir- 


cumferential fiber shortening (Vcr), seem to provide: 


a promising means of assessing the basal contractile — 
state of the left ventricle in clinical studies.5822,3031 
Measurement of Vcr in human subjects in the resting 
state has yielded effective separation of normal from 
abnormal ventricular contractility in the individual 
subject, but there was considerable overlap using iso- 
volumic phase measures such as Vpm.® Other studies 
have shown that progressive left ventricular enlarge- 
ment associated with chronic volume overload in the 
dog does not affect Vcr in the compensated state, al- 
though cardiac failure is associated with a depressed. 
mean Vcr.’ Thus, chronic changes in diastolic vol- 
ume when myocardial function remains normal do 


not appear to alter the usefulness of mean Vcr for as-: S 


sessing basal contractility. : 
Comparison with previous studies on effects of E 
volume and pressure loading: The results of this - 
study in standard hemodynamic terms bear some 
Comparison with previous experiments on the effects - 
of volume and pressure loading. In this investigation, - 
acute vaime ezpansim produced a consistent mild 
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amic effects of axte waluitie loading in the ntact, 
is animal are quantitatively similar to results 


periments in open chest animal preparations. 32 
fering hemodynamic responses in awake pa- 
may be explained in part by differences in re- 

responses, the technique of infusion and perhaps 
or drug administration.99 The manner in which 

tress is applied also appears to be of importance. 

n the awake dog, for example, Bishop et al.54 and 
Keroes et al.37 found during an extremely large and 
apid infusion of Tyrode's solution a consistent, 
marked rise in heart rate associated with a plateau of 
stroke volume, whereas Bugge-Asperheim et al.** did 
not report a large increase in heart rate with a slower 


- X infusion rate. The latter results are in better agree- 


ment with our average findings of a small, insignifi- 
.cant increase in heart rate, although we did note 
..gome substantial increases in rate in single experi- 
ments of the study. 
Previous reports concerning acute pressure loading 
have shown more diverse responses. In relatively nor- 
»mal human subjects, angiotensin or methoxamine 
infusions have been found to increase stroke work, 
whereas stroke volume either increased or remained 
inchanged??-*!; however, the intensity of the stress 
n these studies was considerably less than that ap- 
lied in ours. For example, Ross and Braunwald*? re- 
rted increases of systolic arterial pressure to levels 
of about 170 mm Hg in relatively normal subjects, 
"whereas left ventricular end-diastolic pressure in- 
_ creased to an average of 26 mm Hg, a value compara- 
_ ble with that in our study. On the other hand, obser- 
‘vations in normal dogs!94243 and other studies in 
man‘ have shown a decrease in stroke volume and 
unchanged stroke work during acute pressure load- 
- ing, findings more comparable with ours. 
Mechanism of changes: The mechanism of the 
> observed decrease in extent of shortening (A LVD) 
and stroke volume during pressure loading in the 
normal animal is not entirely clear. One possible ex- 
planation is acute withdrawal of sympathetic tone or 
augmentation of vagal effects by activation of the 
baroreceptor reflexes.* However, while an initial de- 
cline of dP/dt paralleled the decrease in A LVD, 
^A LVD then continued to decrease while dP/dt re- 
‘mained constant or even increased slightly. A de- 
: pressing effect of phenylephrine itself does not seem 
-likely since in large doses it possesses beta agonistic 
.. effects!! and direct intracoronary injection of phenyl- 
ephrine leads to augmented coronary blood flow.*® 


"Therefore, autonomic nervous system influences or 


e drug administration alone do not seem to explain the 
: observed responses. Another possible explanation is 
based on recent evidence in open chest animals indi- 


scending limb of left ventricula 


occur.47-48 It seems possible that un 
acute pressure loading an imbalan 
load and a given level of inotropic state 
whenever the Frank-Starling mechanism 
able or is not fully utilized, leading to : 
stroke volume.* In support of this view is 
that after long-term digoxin administration 
normal dog, when the same changes in left 
lar end-diastolic pressure and diameter are 
by phenylephrine, the decreases in A LV) 
by the pressor infusion are essentially al 
Figure 5 also shows this phenomenon, iso; 
stimulation of the heart entirely preven: 
cline in A LVD produced by phenylephri 
control state before administration of isopr 
Implications of study: It may be concl 
no single measure is always useful? for asse 
tractility in the intact circulation. Meas 
wall shortening velocity at an isolength. 
not possible systematically in our experim 
cause of the relatively large changes in left 
lar size that were induced. From à p: 
point, there does not seem to be a substa 
tage in using complicated measures der 
isovolumic phase pressure tracing over 
tainable peak dP/dt when assessing acute co 
ty changes in the conscious animal in th 
state. Thus, both peak dP/dt and (dP/dt), 
responsive to changes in inotropic state, i 
to changes i in afterload and moderately 
large increases in preload. Vpm appears i 
substantial changes in either preload 
occur, although it is sensitive to changes. 
state. Changes i in Vpm correlate well wit. 
in “Vmax” (extrapolated from the: (dP/dt)/ 
left ventricular pressure relation) both in 
state? and during acute interventions, ‘$20 ai 
seems little advantage to the use of ' a" af 
culation is employed. The superiority of 
phase indexes (mean and maximal V 
shortening) for detecting depressed con 
the basal state has been discussed e 
Their independence of volume loading i 
circulation and their value for defining ac 
in contractility have been established by 
study, with the proviso that the respo 
these measures to substantial acute. chang 
load must be recognized. 
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Nineteen patients with severe but stable angina pectoris 
double blind controlled study to evaluate the effect of oral 
tered propranolol on exercise tolerance measured with 
gometer, and left ventricular function measured by echoci 
and systolic time intervals. In the group treated with prop 
dose was increased from 80 to 320 mg/day. Studies including 
nation of propranolol blood levels were obtained before tre 
for each dose of propranolol. With propranolol, 80 mg/day 
performance increased by 128 percent from 765 + 125 
ment to 1,792 + 285 kilopond-meters (mean +. standar 
<0.01). With 160 mg of propranolol daily, total work perform 
creased, but remained higher than at control levels. In the 
propranolol, left ventricular function decreased progressive 
creasing doses of the drug. As measured from the echoc 
maximal endocardial posterior wall velocity decreased / 
from 72 + 7 to 41 + 4 mm/sec (P <0.02); ejection fraction 

13 percent, from 0.68 + 0.01 to 0.59 + 0.01; and end-diast 
increased 28 percent, from 79 + 11 to 102 + 9 mi/m? (P < 
preejection period and the ratio between preejection pe 
ventricular ejection time significantly increased with progressi 
increments. There was no correlation between blood leve 

olo! and improved work performance. Exercise tolerance 
mally improved with doses of 80 to 160 mg/day. At higher dos: 
left ventricular function deteriorated and exercise work j e 
Noninvasive assessment of left ventricular function. prov à 
able than determination of drug blood levels in managin: 
angina pectoris and provided a guide to optimal adjustmen of 


Propranolol has been demonstrated to be an effective age 
ing patients with angina pectoris because it has the impor 
ologic effect of reducing myocardial oxygen requirements 
ercise.'-? In proper doses, it allows the patient to do w 
quiring less myocardial oxygen delivery, thus delaying t 
ischemia and the occurrence of chest pain. However, althou 
pranolol may be of considerable therapeutic effectiveness. 
tent and potentially hazardous agent and must be used w 
especially in patients with impaired myocardial function. 
Since it has not been possible to predict how a patient w: 
to a given dose of propranolol,!?:? noninvasive techniques 
ing myocardial performance might be of value in the ea 
of ventricular dysfunction and for following up patients | 
with the drug. Determinations of systolic time intervals 
ographic measurements of both ventricular volume and. 
tionP-1? and bicycle ergometer testing, especially whe 
serially, provide i useful information about cardiac piece 









Exercise 






dE _ Duration Attacks/ 


3-10 Yes Yes 44 


5-15 Yes Yes 37 
5-15 0 Yes 41 
2-10 0 Yes 37 
2-5 0 Yes 43 
5-10 0 Yes 40 
20-40 0 Yes 43 
5-10 0 Yes 38 
5-10 Yes Yes 45 
50-70 0 Yes 40 
5-8 0 Yes 43 
2-10 0 Yes 39 
19-20 Yes Yes 42 
5-10 0 Yes 44 
2-8 0 Yes 42 
5-10 0 Yes 41 
16-20 0 Yes 42 
3-10 0 Yes 39 


ropranolol dosage on cardiac perfor- 
ts with angina pectoris. Noninvasive 
of cardiac function were compared with the 


age and drug-induced changes in exer- 
ice. Serum propranolol levels were also 


i urs angina pectoris per week with no evidence 
course; (2) absence of valvular heart dis- 










fareti ion within 6 pare and a definite electrocar- 
evidence of myocardial ischemia during sub- 


he pertinent clinical data of these 19 pa- 
ed in Table I. ‘There were 11 male and 8 fe- 


its with | angiria  pecto- 
an (W. FJ and seen 


' Tolerance Hematocrit 
(yn) su Week MI Test (96) 


ehydrogenase; MI = history of myocardial infarction; SGOT = serum glutamic oxaloacetic transaminase. 


`: placed in the Vy ant 
either the V3 or th 











Blood : “Fasting - 


NS Serum Lipids (mg/d!) - un Serum Enzymes (units) 


(mg/dl) Cholesterol Triglycerides — (mg/dl) SGOT LDH 























225 75 80 
19 276 140 89 22 147 
17 286 161 104 14 130 
15 260 160 80 38 160 
14 185 165 107 29 144 
15 233 115 82 33 200. 
15 211 120 94 35 15- 
20 246 106 75 37 185 
17 254 142 78 37 175 
19 262 155 90 17 133 
22 287 70 94 29 166 
20 215 90 94 48 216 
18 218 120 95 58 210 
14 228 110 93 21 180 
16 178 150 88 32 165. 
21 230 120 95 30 152 
20 240 130 93 25 168 
18 228 110 90 48 180 
14 240 120 82 20 190. : 

«300 0-160 62-108 4-40 90-225 





ministered placebo (mannitol, 250 mg, Ayerst Labora: B 
ries) four times daily for 6 weeks, During this period, SyS-. k 
tolic time intervals and echocardiograms were obtained in 
the resting state followed by exercise testing using the. 
techniques described later. 

After the initial placebo period patients were randomly 
chosen for treatment with placebo and propranolol. The 
group treated with placebo (no. = 9) remained on the same 
regimen; the patients treated with propranolol (no. = 10) 
were given 80 mg/day of orally administered propranolol in 
four doses. Neither the physician administering the medi- ` 
cine nor the patient knew the identity of the drug. After a 2 
week treatment period all tests were repeated and serum 
propranolol levels were obtained. The dose of propranolol. 
was then increased to 160 mg/day without the patient's = 
knowledge and 2 weeks later the studies cited were repeat- = 
ed. In three instances the dose of propranolol was raised to 
320 mg/day. 

Exercise testing: Multistage graded exercise. was per- 
formed with use of a bicycle ergometer (Schwinn ergom 
tric exerciser) and without knowledge of the drug the p 
tients were receiving. A modification of the ear-ensiform 
system of Abarquez et al. 18 was used with three apical leads - 
recorded in the supine position and on the bicycle ergome- - 
ter before exercise. The placement of electrodes was as fol- 
lows: right arm in the left Vg position, left arm on the for 
head, left leg over the ensiform (xiphoid) process, and rig 


























were taken of leads aVR, 
orthogonal X,Y an 


PEP = (Q-S2 ) — (LVET) 


FIGURE 1 (left). Simultaneous tracing of electrocardiogram (lead Il), phonocardiogram (PA), and carotid arterial pulse (CAR) at 100 n 
paper speed illustrating the measurement of total electromechanical systole (Q-S2) and left ventricular ejection time (LVET) and the 


E the preejection phase (PEP). 


FIGURE 2 (right). Echocardiogram of left ventricle. The diastolic left ventricular internal dimension (EDD) is measured between T 
Jar septum and the posterior left ventricular endocardium in end-diastole. The systolic left ventricular internal dimension (ESD) is a ly: 
peak downward motion of the interventricular septum. Maximal endocardial posterior wall velocity (MPV) is measured as the ma us 


the wall movement from the end-diastolic to the end-systolic position. 


tional QRS complex over the precordium. The modified X, 

Y and Z leads were monitored continuously on a three 

channel oscilloscope throughout the study. Tracings were 

recorded of both lead groups every minute during the pro- 
cedure. 

Exercise was begun at a work load of 150 kilopond-me- 
ters and increased by 150 kilopond-meters every 3 minutes 
until the patient experienced chest pain or significant fa- 

igue. Total work performance was calculated as the sum- 
mation of the products of work load and the time of pedal- 
;ing at each level. An abnormal electrocardiographic re- 

ponse was defined as a flat or downsloping S-T segment 
depression of 1 mm of 0.08 second's duration after the ter- 
“minus of the QRS complex with the P-Ta segment as the 
baseline of reference. 

Blood pressure was recorded by the auscultatory meth- 
od, and the product of heart rate and systolic blood pres- 
sure, an indirect index of myocardial oxygen consump- 
tion,'? was calculated from measurements obtained at the 
exact end point of exercise. 

Systolic time intervals: Simultaneous high frequency 
phonocardiograms, electrocardiograms and external carot- 
id pulse tracings were recorded at a paper speed of 100 
mm/sec on a four channel jet inscription polygraph (Mino- 

raph 34, Elema-Schonander). The phonocardiogram was 
btained. with an EMT-25 microphone and a logarithmic 
ter The external carotid pulse tracing was inscribed with 
echt Infraton receptor, with a linear response 


o 200 hertz. All recordings were obtained with the - 


patient in a semisupine position with approximate! 
evation of the head and trunk. All studies were 
in the early morning with the patient in the ponta 
state. 

Time intervals were measured according 
technique” (Fig. 1). The left ventricular 
(LVET) was measured from the initial rapi 
the external carotid pulse Box de to the iocis 


interval ti Sj), measured from the initial deflec 
QRS complex to the first high frequent cone ir 


using the linear regression pci den of Weis 
subsequent references to preejection period, left: 
lar ejection time and PEP/LVET refer to these ra 
rected values. 


in the supine poeti using a und Series ( 
echocardiograph with a 2.5 megacycle-crystal an 
mal frequency of 1,000/sec. To record simultane 
from the left ventricular podtepon wall and inter 


tern of mitral valve motion 3 was e 


. ducer was then directed. slightly 

















7 
16 
67 


Systo 

Vv 

(mm/ 
0.67 0.02. 67- 


Ejection 
Fraction. — 
0.68:- 0.00... 77: 
0:694 0.02. 
7 
[58 
0.90.0 4 


Echocardiographic Studies 


End-Diastolic 
7911 0.6840,01 72: 


8823-12 0.64+ 0.01 


Volume 
(ml/m?) 
79 4 6 
80+ 7 
79 4 5 
102 + 9 


Electro- 
Systole 
(Q-S2) 
(msec) 
565 + 2 
571+ 3 
570 + 2 
571+ 4 
570 + 5 
583 + 8 


mechanical 


PEP/LVET 
0.307 + 0.002 
0.312 + 0.003 
0.312 + 0.003 
0.315 + 0.004 
0.340 + 0.007 
0.382 4- 0.009 


left - 


E -Systolic Time Intervals 
Ventricular 


Ejectión 
Period 

(LVET) 

(msec) 

435 4- 2 
436 4- 2 
435 +: 2 
435 + 4 
425 + 5 
423 4 7 













(PEP) 
(msec) 





Preejection 
Period 
134 + 1 
1354+ 1 
135+ 1 
136 + 1 
145 + 2 
160 + 3 


Heart Rate- 
Blood Pressure 
Product 

16,000 + 480 
16,300 + 420 
16,300 + 370 
16,800 + 1,540 
12,000 + 690 
10,200 + 1,300 


Exercise 


meters) 





Total Work 
(kilopond- 
866 +: 122 
933 + 136 
883 + 113 
765 + 125 

1,792 + 285 

1,590 + 200 


Propranolol 
Blood 
Levels 

(ng/ml) 
0 
21.3 +4.0 
54.8 + 9.2 


Sex 


5M, 4F 
6M, 4F 





Age 
(yt) 
54 


Patients (mean) 













i Before therapy. 
© Two weeks 
Six weeks 

160 mg/day 


Propranolol 
. Before therapy 


> ,80 mg/day 


OF PROPRANOLOL ¢ ON EXERCISE - 
JN ANGINA PECTORIS 


1709 


WORK (KPM) 
= x 
S g 


pP<0 


800 


CONTROL 80 MG 160 MG 
PROPRANOLOL l 

FIGURE 3. A significant increase in mean total work performance 
occurs with oral administration of 80 mg/day of propranolol when 
compared with the control value. With 160 mg/day a slight, but not 
significant reduction in work performance is seen when compared 
with the level at 80 mg/day. Work is measured in kilopond-meters 
(KPM). N = number of subjects; ns = not significant; P = probability. 


until the motion characteristic of left ventricular posterior . 
wall and | septum were observed as described in detail pus 
viously.!5 

Maximal endocardial posterior wall velocity was mea- 
sured as the maximal slope of the wall movement from the 
end-diastolic to the end-systolic position (Fig. 2). Minor 
axis end-diastolic dimension was measured at the point 
where posterior wall endocardium and septum were maxi- 
mally separated, and end-systolic dimension at the point | 
where they approached each other maximally (Fig. 2). The, : 






left ventricular dimensions measured by ultrasound have. 


been found to approximate closely the left ventricular 


minor axis in the anteroposterior projection both at end- = 00 


diastole and end-systole.'® For calculation of left ventricu- 
lar volume, the heart was assumed to be a sphere. End-dia- 
stolic and end-systolic volumes were calculated as the cube 
function of the minor axis end-diastolic and end-systolic 
diameters, respectively. Ejection fraction was obtained by 
subtracting end-systolic from end-diastolic volume and di- 
viding this value by the end-diastolic volume. In all in- 
stances several cardiac cycles were analyzed and. mean 
values calculated. This method is limited by the inability of 
the ultrasonic beam to scan the entire ventricle so that only 


a limited portion of this chamber can be examined. Conse- .- uA 
quently the performance of nonvisualized areas is unknown 
and this may lead to inaccuracies of the technique i inpa- s 


tients with left ventricular asynergy.!7 However, in selected 
patients, determinations of volume and ejection fraction... 
have proved valüable;5/!9 particularly when serial mea- Uu 
surements are made in the same patient. ; 

Serum levels of propranolol: Assay of the level of pro- 
pranolol in blood was performed on samples obtained 2. . 
hours after the last tablet of propranolol or placebo was in- 
gested and just prior to exercise. testing a serum levels 
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| ROPRANOLOL ON HEART RA E- 
BLOOD. PRESSURE PRODUCT IN PATIENTS. 
D -WITH ANGINA PECTORIS E 


HR X BP AT ONSET. 








CONTROL 80 MG 160 MG 

: PROPRANOLOL 

FIGURE 4. A significant decrease in mean product of heart rate and 
‘systolic blood pressure (HR X BP), an indirect measurement of myo- 
cardial oxygen consumption, is demonstrated with oral administra- 
tion of 80 mg/day of propranolol when compared with control 
values. With administration of 160 mg/day the variable is slightly but 
not significantly decreased from the level at 80 mg/day. 


he organic phase was extracted into 1.5 ml of 0.1 N hydro- 
ioride and the fluorescence of the acid measured in an 
ninco-Bowman spectrophotometer (maximal excitation, 
nanometers; maximal emission, 360 nanometers, uncor- 
ted). For each patient duplicate plasma blanks and a 


Analysis: Group means are presented with the standard 
rror of the mean as the index of dispersion. Statistical 
nalysis was performed using Student's t test for indepen- 

dent and paired observations. 


Results 


Exercise Tests 
During the control period all 19 patients had typi- 


PEP INDEX IN MILLISECONDS 


IGURE. 8. Left, the rate-corrected preejection 
| (PEP). portene y increases. from the. 


X INCREASE IN WORK COMPARED TO CONTROL a 


e RELATONSMÉ OF PERCENT IMPROVEMENT ` 
IN EXERCISE TOLERANCE TO 
. SERUM PROPRANOLOL LEVEL - 





c | 
^is 150- x 
SERUM PROPRANOLOL LEVEL almi 
FIGURE 5. At similar serum drug levels, patients. 
grees of improvement in exercise performance. 
achieve their maximal improvement with propranolol 
levels than others. à 





cal anginal pain and electrocardiographie ev le 
ischemic heart disease. In serial exercise stud 
formed in the patients receiving. placebo, 
cant changes in work performance. or 
heart rate and systolic blood pressure. 
after exercise were observed. In the 10 
ceiving 80 mg/day of propranolol, total 
exercise increased from 765 + 125 kilo 
(mean + standard error) during the cont: 
1,792 + 285 (P «0.01) (Fig. 3, Table 1 
ment in work performance was ‘associated 
nificant reduction in the product of hea: 
systolic blood pressure, from 16,800 4:1 
the control period to 12,000 + 890 during d: 
ment (P <0.01) (Fig. 4, Table II). After th 


EFFECT OF PROPRANOLOL ON: 
SYSTOLIC TIME INTERVALS __ 


PEP INDEX PEP? / LET t INDEX 


PEP/LVET 


































receiving 160 mg/day did less work than when 
were receiving the smaller dose, with fatigue 

than pain forcing cessation of exercise. In the 
g three patients external work performed 
Mer at the higher dose level and therefore this 


"RELATIONSHIP OF CHANGE IN PEP INDEX 
-TO END POINT OF WORK PERFORMANCE 
-IN PROPRANOLOL TREATED PATIENTS 


a P< .001 


MAX. WORK WORK FALL-OFF 


(FATIGUE) 
PROPRANOLOL 
iated with maximal improvement in work perfor- 


ropranoiol is a 12 msec mean increase in the preejec- 
P) index from the control value. With the larger dose 
here is a further 14 msec increment in this index, a 
se of 26 msec from the control value. MAX. = maximal. 


EFFECTS OF PROPRANOLOL AND 
PLACEBO ON END DIASTOLIC VOLUME 
— DETERMINED FROM ECHOCARDIOGRAM 

















| point of e exercise. 


‘smaller ae However; 7 of 10 pa- 





ib larger dose. ee 
j the patients dem ated a reduc- o 
in ork performance wih fatigue being the end 6 











"Thus, each patient with. angina pectoris had a max- 
imal improvement in exercise tolerance at a given _ 
dose of propranolol, 80 mg/day i in seven patients and - 
160 mg/day in three. Further increase in dose, to160 
and 320 mg/day, respectively, led to a decline from. ee 
maximal exercise capacity, with work stopped by s sip- i 
nificant fatigue and not angina pectoris. 


RELATIONSHIP OF CHANGE IN PEP/ LVET - ju. 
INDEX. TO END POINT OF WORK PERFORMANCE. mu 
zd d IN PROPRANOLOL TREATED PATIENTS : 
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(FATIGUE) 
PROPRANOLOL 
FIGURE 8. Associated with maximal improvement in work perfor- 
mance with propranolol is a 0.04 increase in the PEP/LVET ratio — 
from the control value. With the larger dose of propranolol there is. 
a further 0.04 increment in this ratio, a total of 0.08 from the con- ^. 
trol value. 



















FIGURE 9. During serial echocardiographic studies 
with patients receiving: placebo there i is ; 
change (ns). After administ 
ventricular end-diastolic E. 
ith i ; 







_ nificant with 160 mg/da 





Blood Levels of Proprar lo 


bjects receiving 80 mg/day, the mean serum E 
vel of propranolol was 21. 3 + 4.0 ng/ml. This in- 


sed to 54.8 + 9.2 ng/ml with 160 mg/day (Table 
lowever, when individual patients were com- 

, no direct relation between blood level and im- 
vement in exercise tolerance was observed (Fig. 

). At similar drug levels, there was marked variation 
the degree of improvement in exercise perfor- 
ance among the different patients. Individual pa- 
ients achieved maximal improvement at significant- 
ly different serum concentrations of propranolol. 
However, in most instances a peak increase in work 
performance was achieved with serum levels of 10 to 
30 ng/ml. In addition, when improvement in exercise 
performance was limited at the higher dose levels, 
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FIGURE 10. During serial echocardiographic 
studies of patients receiving placebo there is no 
significant change. After administration of pro- 
pranolol ejection fraction decreases with incre- 
ments in dose. The decrease is significant with 


: AGURE 11. During serial Studies of patients re- 
ing placebo, there is no:significant change. 
fter administration of propranolol, systolic pos- 
rior wall elocity progressively decreases with 
The od is Significant S 
160 0 mg/day of rapranojol- 


re was- again a dissociation between E : 
effect. and : serum level. : SE 


Systolic Time intervals 


‘Systolic time intervals in ‘patients treated 
with placebo were unchanged during three : 
aminations over a period of 12 weeks (Tabli 

In patients treated with propranolol, - 
period progressively increased, from 136 
during the control period to 145 + 2 msec. 
men of 80 mg/day and to 160 + 3. msec on 
of 160 mg/day. PEP/LVET also increasec 
cantly with an increase in dose of proprano 
0.315 + 0.004 during the control period 
0.007 with 80 mg/day, and 0.382 + 0.009 v 
mg/day (Fig. 6, Table II). No significant cha 


EFFECTS OF PROPRANOLOL AND . 
PLACEBO ON EJECTION FRACTION. 
DETERMINED FROM ECHOCARDIOGRAM 














8 WKS 12 WKS 


PLACEBO 


2 WKS 































d when ‘ihe presjection mde was an average 
sec longer than the control value. With limita- 
vork by fatigue with the larger dose of pro- 
ol, preejection period was prolonged a further 
msec, resulting in a total 26 msec increment from 
control value. 

e 8 relates the charge in PEP/LVET to exer- 
performance. At maximal improvement in exer- 
'is ratio increased 0.04 from the control value. A 
‘increment of 0.04 was noted where work was 
d un rv at the larger dose of propranolol, 

























sna volume, ejection fraction and maxi- 
ior. endocardial wall _ velocity were un- 
























ton decreased from 0.68 + 0.01 Mise 
a reno to 0.64 + 0.01 with 80 roe of 


RELATIONSHIP OF EJECTION FRACTION TO END 
POINT OF WORK PERFORMANCE IN PROPRANOLOL 
TREATED PATIENTS 
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* ejection fraction with pro- 


den with 80 F mg/day. of 


-propr rick With a dose of 160 mg/day this measure- 
ment was reduced to 41 + 4 mm/sec (P «0.02) (Fig. 


11) 

Echecardiog:spitioally: determined ejection frac- 
tion also appeared useful in assessing the relation of 
changes in ejection fraction to exercise performance 
in treated patients, Maximal work improvement oc- 
curred when ejection fraction was reduced by an av- 
erage of 0.05 from the control value. With limitation: 
of work by fatigue with greater doses of propranolol, 
ejection fraction decreased a further 0.04 resulting in: 


a total reduction of 0.09 when compared with the ^ 
control value (Fig. 12). Values for posterior ventricu- 


lar systolic wall velocity and left ventricular end-dia- . 


stolic volume were not helpful in predicting the exer- . 


cise response to propranolol therapy. 
Discussion 


Beta adrenergic blockade with propranolol causes 
a reduction in heart rate, systemie blood pressure: 
and myocardial contractility which is associated with 
a decrease in myocardial oxygen consumption in pa- 
tients with angina pectoris.!-? As a result, after pro- 
pranolol therapy such patients often have a signifi- 
cant improvement in exercise tolerance and a de- 
crease in the frequency of anginal attacks and in the E 
amount of nitroglycerin consumed. 

While propranolol may be of considerable dien 
peutic effectiveness, several studies have demo 
strated a negative inotropic effect after acute intrave- 
nous or oral administration.15.6.10.11,23 Our studies, | 
utilizing noninvasive techniques that have proved to 
be valuable indexes of ventricular performance, 1417 
confirm these findings and extend them to measure- 


ments of left ventricular function after long-term oral : Lem 
propranolol therapy. With progressively larger doses: 


of propranolol, the PEP/LVET ratio was shown to 
increase and the echocardiographically determined | 
left ventricular ejection fraction and maximal poste- - 


rior wall velocity decreased. This finding suggests . © 


that there was a progressive reduction in left ventric- . 
ular function with increasing doses of propranolol . 
and an associated increase in left ventricular end-dia- 
stolic volume. The alterations in systolic time inter- - 


vals that were obtained in response to increasing ^. 
doses of propranolol are consistent with previously = . - 
reported studies that describe a lengthening of the = 
rate-corrected preejection period and slight shorten- 


ing of the rate-corrected left ventricular ejection . 
time.?^-?6 In our laboratory maximal endocardial pos- _ 
terior wall velocity has been shown to decrease after . 
intravenous administration of propranolol in the | 
dog.” j 

Correlation of exercise performance and 


. serum level of propranolol: There is a wide varia- Um 
AM tion in the oral: dase of propeenalel required by pa- 
: 2 jg 12,28,29 -to date: 
























Zacest and Koch-Weserl? were anühle to find a reli- 


able relation between the serum level of propranolol 


and therapeutic effect, in contrast to findings in 


other cardioactive drugs such as digitalis, quinidine, 
lidocaine and procainamide. In our study, improve- 
ment in exercise performance varied greatly from pa- 
tient to patient despite similar blood concentrations 
- of drug. The lack of a good dose-response relation is 
probably a reflection of the mechanism of action of 
propranolol. The drug concentration required to 
block the beta receptor is controlled by factors sum- 
‘marized loosely as “sympathetic tone." The intensity 
and frequency of sympathetic discharge, the cate- 
. cholamine concentration in the heart and the respon- 
‘siveness of the receptors may vary greatly from pa- 
tient to patient. It is not surprising therefore that no 


clear-cut correlation between serum concentration 


and therapeutic effect can be made after administra- 
tion of the drug. However, we did observe that most 
patients had a peak increase in work performance 
¿within a serum drug range of 10 to 30 ng/ml. Since 
some patients responded at higher serum concentra- 
ions, the use of propranolol blood levels may be indi- 
cated to assure that concentrations of at least 10 ng/ 
ml are obtained. 
. Optimal dose of propranolol: In most clinical 
studies, the dose of propranolol is adjusted according 
to the frequency of anginal attacks in an attempt to 
achieve a symptom-free state.? Reported optimal oral 
doses of propranolol range from 160 to 320 mg/ 
- day.272939 In our study, 7 of 10 patients responded 
best to 80 mg/day and the other 3 to 160 mg/day. The 
beneficial response seen in all of the treated patients 
jn our study is in part a reflection of the selection ofa 
‘population of patients with angina pectoris and no 
"history or clinical signs of congestive heart failure. 
.. Improvement in work performance was associated in 
all patients with a decrease in the product of heart 
` rate and systolic blood pressure, an indirect index of 
myocardial oxygen consumption." 

Each patient performed maximal work at a dose of 
propranolol beyond which a further increment in 
drug dose resulted in fatigue and a reduction in exer- 

.. cise performance. At the higher dose levels, the heart 
rate-blood pressure product at the end of exercise 
- was less than at the earlier lower dose level. There are 
several possible explanations for the decline in exer- 
- cise performance and accompanying fatigue with 
larger doses of propranolol. First, myocardial func- 
tion may have become significantly impaired so that 
patients became fatigued earlier. Alternatively, sig- 
< ‘nificant beta adrenergic blockade may decrease blood 
- supply to the legs by potentiating the alpha receptor 

-vasconstriction effect, thus fatiguing the muscles 
—much earlier than usual. Possibly a combination of 


< these factors was operative. However, the abi 
indexes of left ventricular function at higher pro 


pranolol dose levels reported here suggest that limi 
tation of work by fatigue is primarily the result of de 
creased myocardial function. These variables wer 
assessed at rest rather than at the end point of exe 
cise because of the inability to perform adequate 
reliable noninvasive studies during or immedi 
after exercise, but the differences observe 
the basal state were probably even further magnifi 
during the stress of exercise. Pur 
Clinical implications: The results of o 
suggest that the myocardial functional respo 
incremental doses of orally administered prop 
may be evaluated by serial echocardiograpk 
surement of ejection fraction, and analysis o! 
LVET determined from the simultaneously record 
external carotid pulse tracing, phonocardiog 
electrocardiogram. Maximal work performance 
associated with a 12 msec mean increase in the 
ejection period, a 0.04 mean increase in PEP) 
and a 0.05 mean decrease in the ejection: 
when compared with control values. These 
are consistent with decreased left: ventricule 
mance; yet the ability of the patient to do m 
ical work suggests that some other factor 
duction of myocardial oxygen consumption [ 
ted improved exercise tolerance. With larger do 
propranolol and curtailment of work performec 
ing exercise by fatigue, there was a further 14 
mean increase in preejection period, a 0.04 i 
in the PEP/LVET, and a 0.04 decrease in the 
fraction. Thus, for a given patient, excess propr. 
induced a further decrease in left ventricul 
tion that limited work performed during exerc 
spite the measured reduction in oxygen cons m 
Hence, the frequent practice of increasing the 
propranolol until the patient is pain-free m 
clinically sound, since with reversal of the u! 
gina-fatigue relation, potentially significant 
dial depression may be overlooked even though 
is absent. ims 
Under our experimental conditions, | 


propr 
was most effective in doses of 80 to 160 mg/day. E 
patient performed maximal work at an optim 
beyond which work decreased because of 
tions imposed by fatigue. Since the optim: 
propranolol varies with the individual patien 
since serum blood levels do not correlate w 
clinical response, our data suggest that the 
application of noninvasive techniques for ass 
left ventricular function provides an objec 
sure for the clinician in determining optin 
istration of propranolol to patients with ang 
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Supraventricular arrhythmias complicating acute illnesses wer 
ed with intravenously administered practolol, a cardioselect 
adrenergic blocking agent. Slowing of atrioventricular co 
sulted in rapid control of ventricular rate in 23 of 33 episode 
cent) in 31 patients. Profound hypotension developed in two | 
presumably as a result of interference with adrenergic cir sul; 
port. Serum levels from 19 patients showed no correlatio 
sponse to therapy and were much lower than levels pr 
ported necessary for slowing of tachycardias induced by isop 
and exercise. Response to practolol was maximum within 
and was not improved by additional dosage sufficient to r 
levels. Practolol was a rapidly effective and safe antiarrhythm 
in situations in which propranolol would be contraindicated 

of digitalis toxicity increased; it should be considered a pr 
for initiation of therapy for supraventricular tachyarrhythmias 


Supraventricular arrhythmias complicating acute illnganes, a 
unresponsive to therapy until associated metabolic, rena! 
namic and respiratory abnormalities are corrected.) Imm: 
apy is indicated when blood flow to vital organ systems 
dized? but, unfortunately, commonly used antiarrhyt! 
such as digitalis and propranolol have a high incidence of 
acutely ill patients.* An antiarrhythmic agent is needed t. 
and safely controls ventricular rate responses in supravent 
rhythmias long enough to permit correction of underlying n 
or physiologic abnormalities. ue 

Increased sensitivity of automatic cells to catecholamines 2 
creased levels of adrenergic stimuli may be partly responsibl 
occurrence of arrhythmias in abnormal metabolic states, 
that a beta adrenergic blocking agent free of the side effe 
pranolol would be useful, HE 

Practolol has recently been introduced as a "cardiosele 
blocking agent that is free of many of the adverse cardiac a 
diac side effects of propranolol. Human studies have confi 
practolol is an effective and selective myocardial beta bloc 
with little or no depressant effect on left ventr 
tion/-1? and negligible effect on bronchial, periphere a anc 
vascular smooth muscle.9:19 


Methods 


Treatment population: Thirty-one patients were selected: fo 
during 33 episodes of supraventricular tachyarrhythmia. Most 
tients were elderly (average age 60 years, range 18 to 87), chro: 
had supraventricular tachyarrhythmias complicating an acute illn 
were at high risk of toxicity from digitalis and propranolol therap: t 
metabolic and renal hbnirtaktios or the presence of airway sheer 
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B. Atrial Flutter 
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found in 15 


ions. Most of the patients with ob- 


D. Chast Atrial Tachycardia 


100 PS (10 mg) 
110 H 
110 PS (15 mg) 





mg increments at 15 minute intervals to total dose of 
inutes; H = initial5 mg dose followed by 10 mg at 15 
valsto total dose of 45 mg in 60 minutes; IH = single 
sé; PS = preschedule drug doses (3to5 mg at 15 minute 
s) with total dose in parentheses. 


js. and 2 metabolic ences cas 5 had normal 
bnormal renal function, reflected by blood urea 
ter than 25 mg/100 ml and serum creatinine 
1.5 mg/100 ml, was found in seven patients. 
eart failure, diagnosed by physical examina- 
chest roentgenogram, was present in 11 of 33 in- 
is; two patients with this finding had acute pulmo- 
nary edema. Chronic obstructive pulmonary disease, estab- 
I ry, pulmonary function studies and chest 


patients including 7 with 


airway obstruction. 
initiated, a no. 14 


: Pp 
guide through the central venous pressure line and record- 


ing on the V lead of the electrocardiograph. 
Blood pressure, central venous pressure and lead II elec- 
trocardiográm were recorded. at 5. minute intervals for a 

total of 75 minutes after administration of practolol.- sod 

Selection of doses of practolol: Dose recommendations > 
at the time of this study were based on a relatively small 
clinical experience. It was therefore decided to use 5 and 10... 
mg doses, which were known to be safe, and to repeat these 
at 15 minute intervals to allow accumulation of larger total... 
doses. In this way the clinical effects of larger doses and . 
higher serum levels could be observed without risking the - 
possible deleterious effects of large single doses. The first 
10 patients received total doses of 5 to 20 mg given in incre- 
ments of 3 to 5 mg at 15 minute intervals. After familiarity. 
with the drug's effects and confidence in its safety were 
gained, three specific dose schedules were developed. 
Schedule I utilized 5 mg increments given at 15 minute in- 
tervals to a total of 25 mg in 60 minutes. Schedule IT used 
an initial 5 mg dose followed by 10 mg increments every 15 
minutes, to a total of 45 mg in 60 minutes. Results with 
these dose schedules suggested that multiple doses had no 
advantage over a single dose (see Results) and thus a third 
group (Schedule III) of patients received a single 10 mg in- 
jection followed by observation for 1 hour but no additional 
practolol. All doses were given intravenously within 30 sec- 
onds. oe 
Criteria of response: Previous investigators!?-15 had |. 
noted that practolol usually slowed atrioventricular con-^ ^. 
duction without altering the basic atrial arrhythmia or rate, ^ 
and that conversion to normal sinus rhythm, when it oc- : 
curred, usually followed variable periods of slowed ventric- >. 
ular rate. In accordance with these observations, slowing of 
ventricular rate by at least 15 percent within 30 minutes of 
a dose and persisting for at least 30 minutes, or conversion : 
to normal sinus rhythm within 30 minutes of a dose, or ; 
both, were selected as criteria defining responders. 

Serum sampling: Blood samples for practolol serum... 
levels (Table I) were drawn before therapy for the "blank". " 
and then 5 and 15 minutes after each dose for Schedules I | 
and II. Under Schedule III blood sampling was performed 
at 5 and 15 minutes after the single dose and then at 15 
minute intervals for a total of 1 hour after administration 
of the dose. : 

Rates of disappearance of practolol from serum, ex- . 
pressed as “initial half-times of disappearance," were esti = > 
mated by noting the rates of decrease in concentration be- ^. 
tween 5 and 15 minutes after each dose. These rates were 
used to estimate by extrapolation the time required to de- 
crease the 5 minute concentrations by 50 percent. Five pa- 
tients received only a single dose (Schedule HI), allo ER 
estimation of the half-time of disappearance of the 15 min- 
ute serum concentration by extrapolation from the rate of 
decrease in serum concentration between 15 and 30 min- pE 
utes after the dose. 
Unpaired t testing was employed to test the significance 
of differences among groups with respect to incidence of re- 
sponse, degree of slowing of ventricular rate, serum concen- 
trations and half-times of disappearance of practolel from 
































je Practolol Serum Levels (ug/ml) by Dose Schedule and Renal Function 


5 Minutes 15 Minutes 3 Minutes 





Range Mean 








(0.14-0.54) z (0.18-0.43) : (0.19-0.60) 
1 (0.19-0.54) ; (0.18-0.43) ; (0.29-0.60) 
onresponders (5) . (0.14-0.49) f (0.19-0.35) ; (0.19-0.49) 
p NS NS NS 
ormal renal function (6) : (0.14-0.54) " (0.18-0.43) : : (0.19-0.60) 
(0.19-0.49) A (0.19-0.31) : (0.26-0.49) 
NS NS NS 


A (0.16-0.37) , (0.10-0.20) : (0.25-0.70) 
-Responders (4) . : (0. 16-0. 37) j (0.10-0.20) 3 (0.25-0.70) 
Nonresponders (1) : 
"Normal renal function (3) 3 (0.16-0.33) ; (0.10-0.16) . (0.25-0.33) 
Abnormal renal function (2) (0. 29-0. 37) i (0.15-0.20) 5 (0.36-0.70) 
“Schedule HI* 
dl patients (4) : (0.29-0.50) . (0.16-0.31) : (0.12-0.22) 





atient 31 not included because of suspected accidental overdose. 
differences between group means not significant by unpaired t test; P — probability. 


ial flutter in 6, chaotic atrial tachycardia in 6 and nonresponders. Atrial rates were unchange 
ional tachycardia in 1 (Table IT). patients for whom they could be accurate 
mined) regardless of ventricular respons 
inical Effects of Practolol sion to normal sinus rhythm occurred in o 
Ventricular rate reduction: Ventricular rate tient before ventricular slowing; in: four 
slowed more than 15 percent in 23 of 33 instances (70 patients it occurred only after 10 to 60 
percent) (Table I). In 20 of 23 cases (87 percent) re- slowed ventricular rate with continuing at 
sponses occurred within 5 minutes of the first dose rhythmia. Duration of effect was at least 1 
given (Fig. 1); in 2 the response occurred 15 minutes patients. a 
after the first dose but before a second dose, and in 1 Type of arrhythmia: Response to praci 
e response occurred 15 minutes after a second dose. according to the type of arrhythmia. Atr 
Additional doses after a second dose produced nei- tion was successfully treated in 9 of 11 ir 
er further ventricular rate slowing nor additional percent), atrial tachycardia in 6 of 9 pati 
ponders. Decreases in ventricular rate averaged 27 cent), chaotic atrial tachycardia in. 3 of 6 episod 
cent in responders and less than 10 percent in percent), and atrial flutter responded i 
mn tempts (83 percent). One patient with 
tachycardia did not respond to Schedule 
total). 
Digitalis: Nine of 12 patients who ha 
ceiving digitalis regularly responded to prac 
percent), whereas 14 of 21 patients (67 p 
receiving digitalis responded. These differ 
not significant by chi-square testing, = 
Arterial and central venous pressu: 
e 25mg (1) pressures exhibited mild and variable 
A 45mq (I) practolol which were unrelated to dose and 
o 10 mg single(II) to therapy. Changes in blood pressure wer 
a 5-20 mg insignificant except in two patients who e 
profound hypotension (see *Adverse Respon 
Bedside clinical observations: N 


original ventricular rate 


5 30 45 60... 75. 
Time trom initial dose. (minutes) a 
1 Ventricular rate reduction with practolol: Slowing of ven-. 
r rate occurred primarily within. the first 5 minutes of treat- 
Despite. differences in incremental and total doses ; 
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Time after injection (minutes) 


60 


ve received an accidental overdose. 


incentration 
earance from serum: Four patients* re- 
ingle 10 mg injections with serum levels mea- 
.at 5, 15, 30, 45 and 60 minutes (Fig. 2). Two 
disappearance of practolol from serum were 

ated: an initial rapid phase with an estimat- 
time of disappearance averaging 16 + 5 (stan- 
or) minutes and a subsequent slower phase 
equired 30 to 60 minutes to reduce the 15 min- 
rum levels by 50 percent. All four patients had 
ble practolol (<0.1 ug/ml) in serum samples 
aken 12 hours after injection, and two had detecta- 
e levels after 24 hours. 
ation to dose schedule: Patients given multi- 
se Schedules I and II included 14 whose serum 
entrations were determined. Each injection of 
tolol caused a sharp rise in the serum concentra- 
measured 5 minutes later, followed by a decline 
| to 80 percent 15 minutes after injection (Fig. 3). 
s of disappearance of the 5 minute serum 
oncentrations averaged 21 + 10 minutes (62 obser- 
ations), which is not sigrificantly different from 
idings in patients on the Schedule III regimen. 
'e were no significant differences between initial 
es of disappearance when 5 and 10 mg doses 
ompared, nor between patients with normal 
normal renal function. 
m concentration and response to therapy: 
oncentrations of practolol did not differ be- 
eronder and Nerd, opis {Table ID. Al- 
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lett). Serum levels cf practolol after a single 10 mg injection declined rapidly between 5 and 15 minutes, then more slowly. Patient 


right). Serum levels of practolol in a patient who received 5 mg initially and 5 mg incremental doses demonstrated peaks of coños. 
tely after injection followed by a decline of variable degree before the next injection. Arrows indicate time of dose administration. 


Adverse Responses 


Two patients had severe hypotensive episodes: ee 
within 1 to 3 minutes of the initial dose and one pa- 
tient experienced transient sinus pause. 





Case 1. A 41 year old man had suspected atrial tachycar- 
dia with a ventricular rate of 180/min, 12 hours after ab- 
dominal surgery. Two minutes after administration of 5 m 
of practolol his blood pressure became unobtainable co 
comitant with a decrease of heart rate to 120/min. Intrave- 
nous injection of 0.2 mg of isoproterenol immediately 
turned his blood pressure and pulse to pretreatment lev 
Reevaluation at that time indicated that the patient ha 
volume depletion, and heart rate slowed after volume. re- 
pletion. : 









Case 2. An 18 year old girl with carboxyhemoglobinemia .: 
was treated for suspected atrial tachycardia with 1:1 con-. 
duction and a ventricular rate of 180/min. One minute after 
administration of practolol, her blood pressure became un- 
measurable and her ventricular rate slowed to 120/min. Ad- `; 
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Practolo! serum level (ug/mlJ) 







used an immediate return of her blood pressure to nor- 

mal without increasing her heart rate. Arterial pressure’ 
ain decreased 15 minutes later, requiring institution of a 
nstant isoproterenol infusion at a rate of 2 to 4 ug/min 
+ the next 6 hours. During this time blood pressure was 
ported at normal levels while she maintained sinus 
achycardia at a rate ranging from 120 to 140/min. The 
serum concentration 5 minutes after her single dose was 
1.94 ug/ml, the highest initial level of this study, and later 
evaluation indicated that accidental administration of 20 
. mg rather than the scheduled 10 mg had occurred. 


< Case 3. A 75 year old woman experienced two episodes of 
abrupt sinus pause during successful treatment on the 25 
mg schedule for atrial flutter after an overdose of ami- 
triptyline. The first episode lasted 4 seconds and occurred 
10 minutes after the second 5 mg dose. A 7 second episode 
occurred 5 minutes after the third 5 mg dose (total 15 mg). 
atment was withheld for 15 minutes after the second 
isode, and then continued to the 25 mg total without fur- 
ther incident. 
























Discussion 


Clinical Response to Practolol 


Practolol rapidly controlled the ventricular rate re- 
jonse to supraventricular arrhythmias in most pa- 
ents studied. These results agree with other clinical 
dies describing rapid onset of effect, high degree 
f therapeutic effectiveness and a relatively low inci- 
ence of significant side effects even when used in 
acutely ill patients with abnormal ventricular func- 
tion.13-18 
> Practolol slowed ventricular rate by causing vari- 
able degrees of atrioventricular block without in- 
i _fluencing atrial rhythm or rate. Conversion to normal 
“sinus rhythm was unusual, and in four of the five in- 
~~ stances occurred only after the ventricular rate had 
slowed for several minutes. These results suggest that 
conversion to sinus rhythm is not a primary effect of 
ractolol, which has negligible direct effects on cellu- 
ar transmembrane potentials.!920 
Clinical response to practolol occurred at serum 
ncentrations averaging 0.22 ug/ml, in contrast to 
centrations of 0.5 to 2.4 ug/ml required for com- 
arable suppression of sinus tachycardias induced by 
xercise and isoproterenol?L?? No quantitative rela- 
on existed between serum concentration and degree 
of slowing of ventricular rate. This lack of correlation 
between serum concentrations and antiarrhythmic 
-effect in a clinical setting (as opposed to sinus tachy- 
: cardia) was also noted by Allen et 217? in treating su- 
^.praventricular and ventricular arrhythmias after 
‘acute myocardial infarction. 
Despite variations in doses given and in serum con- 
centrations achieved, the time course and degree of 
slowing of ventricular rate was nearly the same for all 
Seponders (Fig. 1). Twenty of 23 responses occurred 



















‘within 5 minutes of Administration of the firs 


nistration m 02. mg oh dicbnoleieuel Mitavimously, Ws 
practolol, suggesting that uptake at the active s 
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curs during initial phase disappearance and is 
rectly dependent on serum concentration: 'Twen: 
two of these 23 responses occurred after a single doi 
suggesting that multiple doses are not necessary. 
sponse to practolol either occurred rapidly, or not 
all. 


Disappearance from Serum 


Disappearance of practolol from. serum after 
10 mg doses followed two distinct phases: an 
rapid decrease in concentration followed by 
decline. Aellig et al.?? reported two phases | 
pearance of practolol after intravenous adn 
tion: an initial rapid phase with a half-time | 
utes, and a subsequent slower phase with a 
of 12 hours. Rapid initial disappearance re 
mixing and tissue uptake of practolol; slow 
quent disappearance depends on renal clea 
Abnormal renal function did not influence e 
appearance of practolol in this study. 



































Adverse Effects 


Practolol can potentially depress myo 
formance by blocking adrenergic myocardial 
particularly in patients with heart diseas 
given to patients with ischemic and valvu 
disease, relatively large intravenous bolus it 
of 15 to 25 mg can cause mild but detectable 
sion of left ventricular function.$1275 Two. 
of severe hypotension occurred in this s 
after administration of 5 mg and one afte 
tration of 20 mg. 

Hypotension complicating treatment with 
lol was reported by Allen et al.?? who gave: 
cremental doses for ventricular dysrhythmi; | 
24 hours of acute myocardial infarction. In n 

cases the hypotension was associated with bra: 
dia and easily treated with small doses of at 
sulfate. Two patients, however, had hypot 
without bradycardia after 20 mg intravenou: 
is unlikely that 5 mg can depress myocardi: 
tility enough to cause profound hypotensi 
fact, this small dose has been shown to be sympa: 
mimetic and can increase contractility. 12 T] 
tension probably resulted from interference w 
heart rate response to hypovolemia in the 
after the 5 mg dose. Both negative chronotro 
negative inotropic effects may have con 
hypotension after the 20 mg dose. These obse 
demonstrate that careful monitoring of blo 
sure and heart rate is mandatory when using 
nously administered practolol. Doses should be 
ed to 5 or 10 mg increments to avoid dep 
myocardial contractility. : 
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Although therapeutic and toxic serum concentrations of digo in 
been established, there is sparse information permitting co 
drug level with clinical effect. This study was undertaken to 
radioimmunoassay serum digoxin levels in 30 patients: wit 
fibrillation (38 determinations) and 30 patients with chron 

lation (54 determinations). Those with chronic fibrillation 
vided into those in clinically stable condition (14 patients: 
seriously ill and in clinically unstable condition (16 patients) 
ventricular rate in patients with stable, chronic atrial fibrilla 
accomplished in 10 of 16 instances by "therapeutic" at 
peutic" levels of digoxin (less than 2 ng/ml). Ventricul 
"controlled" (65 to 95 beats/min) with therapeutic levels of se 
goxin in only five instances of acute atrial fibrillation and se! 
stable chronic atrial fibrillation. In 43 studies (23 of acute a 
tion, 20 of chronic atrial fibrillation), a rapid ventricular rate 95 
beats/min) persisted in the presence of “therapeutic” or hig 
digoxin. Thirty-nine of these were in patients who wer 
with conditions such as infection, hypoxia or recent thor. 
Slowing of the ventricular rate required "toxic" concentr; 
goxin (2.5 to 6 ng/ml) in 15 instances. We conclude thi 
amounts of digoxin to achieve "therapeutic" serum coi 
may fail to lower the ventricular rate in atrial fibrillation 

100 beats/min, especially when a serious, complicating ill 


The digitalis glycosides have two principal actions in cli 
cine: (1) increasing myocardial contractility (hence the 
gestive heart failure); and (2) inducing atrioventricular 
which serves to slow the ventricular response in the pre: 
fibrillation. When the ventricular response is rapid ii 

tion, the classic therapeutic approach has been to adminis 
mental doses of a digitalis preparation until the rate is. br 
acceptable level. 

'This study was designed to document several problems i in er 
the use of digitalis for atrial fibrillation and to determine 
cal factors contributing to the inefficacy of digitalis i 
fibrillation. Our data demonstrate that toxic levels ofi 
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HEART RATE 

IGURE 1. Relation between heart rate and serum digoxin levels in 

patients in Group IA (chronic: fibrillation, clinically stable condi- 

|. Dots falling within the box represent those with “therapeutic” 

‘digoxin ‘concentrations (0.8 to 2.0 ng/ml) in combination with 

ol led" ventriguiar rates (65 to 95/min). 


Methods 


cépitalized patients with atrial fibrillation se- 
tudy were divided into two groups: Group I 
30 patients with chronic fibrillation and 
ubdivided into Group IA, 14 patients in clini- 
le condition, and Group IB, 16 patients with other 
hg, serious conditions such as postthoracotomy 
onary disease with kypoxernia (4), sepsis (2) and 
dema: (2). In Group II (30 patients) were 
anifesting acute atrial fibrillation, all but two 
‘concomitant serious eonditions: postthoracotomy 
nyocardial infarction with angina (5), congestive 
ure (4), sepsis (2) and other (4). None of the pa- 
-V. nodal conduction disease as evidenced by 
: ocumentation of a ventricular response during 
Di ry state greater than 120/min within 1 year of 
ed None. had prior second or third degree A-V 








'HRONIC. ATRIAL FIBRILLATION - UNSTABLE 


; ‘mentally to patients in Groups IB and IL Initial determi- ; 


rp Greim, il (acute atrial fibrilation): 





nations of serum digoxin level and heart rate were made ` 
after patients received 0.5 mg to 2.25 mg of digoxin intrave- 
nously or orally over 24 to 48 hours, whether or not thè vens = 
tricular rate had slowed to less than 100/min. Electrocar- 
diographic rhythm strips were obtained at hourly intervals. - 
Serum digoxin levels were determined by radioimmu-- 
noassay technique, and blood samples were drawn at least 
5 to 6 hours after the last dose. In an effort to relate serum © 
digoxin level to ventricular rates during incremental digi- 
talization, two or three determinations were madeini3pa- ' 
tients. All patients had normal blood urea nitrogen and = 
serum potassium levels at the time digoxin levels were 
measured. 
For purposes of discussion, serum digoxin concentration V4 
of 0.8 to 2 ng/ml were considered to be in the “therapeutic” 
range. Concentrations above this level are thought to be 
potentially toxic.^? A “controlled” ventricular rate was qe- E 
fined as one ranging from 65 to 95/min. 


Results 


Group i—Chronic Atrial Fibrillation 


Group IA (14 patients) (Fig. 1): Nine of 16 deter-. . 
minations revealed “controlled” ventricular rates of - 
65 to 95/min with "therapeutic" serum digoxin lev- 
els of 0.8 to 2.0 ng/ml in 5 cases and with "sub- ^ 
therapeutic" levels in 4. Four additional determina- . . 
tions demonstrated uncontrolled ventricular rates, . .. 
greater than 95/min, even after therapeutic serum di- ` 
goxin levels had been achieved. One patient in this — 
group was considered to have digitalis toxicity, mani- 
festing high serum digoxin levels with a ventricular. 
rate of 40/min. : 

Group IB (16 patients) (Fig. 2): Only 7 of the 38 i 
determinations revealed a controlled ventricular re- 
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“sponse associated with serum digoxin levels within 
|o the therapeutic range, whereas uncontrolled rates 
. were seen in 12 at this same level. In 5 of 38 measure- 
... ments, levels of digoxin between 2.0 and 5.0 ng/ml 
were required to control the ventricular response, 







and in 4, high serum digoxin levels were associated 
with a continued rapid ventricular response. 


Group li: Acute Atrial Fibrillation 


` = Thirty-eight determinations were made in the 30 
‘patients in Group II (Fig. 3). Eighteen revealed ther- 
 apeutic digoxin levels with persistently uncontrolled 
ventricular rates; only five determinations within the 

ae therapeutic zone yielded controlled ventricular rates. 

.. In nine instances, high, potentially toxic levels of di- 
goxin were required to slow the ventricular rate and, 
in four, similar levels of digoxin were ineffective in 
bringing about adéquate slowing. All but two of these 
“patients had complicating illnesses. 





Discussion 





_ Pharmacokinetics of Digitalis 


~The results clearly demonstrate that levels of di- 
| goxin generally considered therapeutic are often inef- 
ective in controlling the ventricular rate during atri- 
al fibrillation. To evaluate these observations and 
-place them in proper perspective, we should review 
-. several aspects of the pharmacokinetics of digitalis 
and the techniques for measuring serum concentra- 
tion, and then attempt to explain those clinical and 
physiologic features that act upon the A-V node and 
influence digitalis activity. 

Measurement of serum digoxin levels: That the 
radioimmunoassay method of measuring serum di- 
goxin is unusually sensitive and specific is beyond 
question; and this technique is capable of measuring 

Jevels as low as 0.2 ng/ml. The rationale for obtaining 
blood samples for digoxin at least 5 to 6 hours after 
administration of the last dose is based on data from 
several previous pharmacokinetic studies using tri- 
-tium-labeled digoxin, the rubidium method and ra- 
-dioimmunoassay.'" Immediately after intravenous 
... digitalization and within 1 to 2 hours of oral inges- 

.' "tion, blood levels of digoxin begin to fall rapidly, a 

^ change related to tissue distribution and intracellular 
drug migration. Within 4 to 5 hours, however, the 

rate of reduction in digoxin blood levels is precipi- 
tously slowed, and the second phase of the disappear- 

ance curve is initiated, related primarily to renal ex- 
cretion. The rate of decline of digoxin level is consid- 
erably diminished during this second, excretory 
phase (half-life approximately 33 hours in the ab- 

..— sence of renal failure), and equilibrium between plas- 
ma and cellular sites presumably has taken place, so 
that concentrations of digoxin obtained from the 
serum after 4 hours are likely to be related to the 
linically germane activities of the drug. A parallel 
relation between serum digoxin levels and the time 


























course of inotropic effect measured by systolic t 
intervals has, in fact, been demonstrated after 3 to : 
hours have elapsed. p : 

Therapeutic vs. toxic serum digoxin levels: 
Definition of “therapeutic” and “toxic” levels | 
serum digoxin has been provided by Smith, Habe 
and their co-workers and others.! 2-5 Their work dei 
onstrated that approximately 90 percent of patient: 
who have no evidence of digitalis toxicity manifi 
serum digoxin levels of 0.8 to 2 ng/ml, whereas a simi 
lar proportion of patients with clearly defined toxi 
ty have serum levels greater than 2 ng/ml. Those p. 
tients were considered to have toxicity if they mai 
fested supraventricular tachycardia with A-V bloc 
frequent or multifocal premature ventricular con- 
tractions, ventricular tachycardia or A-V block and i 
the arrhythmias disappeared after discontinuation ol 
digoxin. While an overlap between toxic and nontoxic 
groups was also demonstrated, serum digoxin levels 
above 3 ng/ml carried an unusually high probability 
of digitalis-induced rhythm disturbances. In light. o: 
these findings, it has been a recent clinical teaching 
that digoxin levels above 2 or 2.5 ng/ml are potential- 
ly dangerous and should, if possible, be avoided, | 

Our study indicates that these “safe, therapeutic’ 
levels are, in many instances, insufficient to evoke an 
adequate A-V blocking (negative dromotropic) effect 
that is, a sizable number of patients manifested per 
sistently rapid ventricular rates although appropriat 
serum digoxin levels were achieved. Even drug con 
centrations of 2 to 5 ng/ml did not bring about a suf. 
ficient degree of A-V block in eight instances and, o 
further note, failed to evoke signs or symptoms of 
digitalis toxicity. In all cases, we sought subtle evi- 
dence of toxicity, including gastrointestinal or mental | 
dysfunction, ventricular extrasystoles, slight regulari 
zation of the ventricular response, progressive short: 
ening of the R-R interval or group beating (suggest 
ing forms of junctional Wenkebach phenornenon) 
periodic appearance of junctional escape beats a 
undue slowing of the ventricular rate, but such evi 
dence was detected i in only one case. 


Clinical Therapeutic Implications 


Several potentially useful clinical observations an 
conclusions can be drawn from this study. 

Patients in clinically stable condition: Levala. o 
serum digoxin generally considered to be in the ther 
apeutic, safe or nontoxic zone— below 2 ng/m 
in the majority of instances, sufficient to control th 
ventricular rate adequately in patients in ċlinicall 
stable condition with chronic atrial fibrillation. — . 

2. Patients in clinically unstable condition 
Under clinically unstable or precarious conditions 
(Groups IB and IL), such as the postoperative state o: 
conditions with fever, infection, pulmonary embolisi 1 
or acute myocardial infarction, a ventricular respor 
of less than 95/min is often not achievable in spite o: 
therapeutic levels of digoxin. Approximately: tw 





May 1975... The American Journal of CARDIOLOGY Volume 35 








thirds: of patients: hadar i serious, , complicating H- 


nesses had inordinately rapid ventricular rates in the 
presence of therapeutic levels of digoxin, and in eight 
instances toxic concentrations were, in fact, ineffec- 
tive in slowing the ventricular rate. 

In the previous studies relating serum digoxin lev- 
els with ventricular response in patients with atrial 
fibrillation??? there was little correlation between 
ventricular response and serum digoxin levels. How- 
ever, in none of these studies were the patients sepa- 

ited on the basis of clinical status or duration of ar- 

ythmia. 

The explanation for the lack of correlation be- 
tween. blood level and drug effect probably lies in 
other factors that influence A-V nodal conduction, 
particularly the amounts of circulating and neuronal- 
ly mediated catecholamines. It is evident from previ- 
ous studies that A-V nodal conduction is influenced 
by a variety of factors, including intrinsic A-V block- 
ade, catecholamines, the parasympathetic system 
and the digitalis glycosides. It is enhanced by beta 
adrenergic stimulating catecholamines and slowed by 
he digitalis glycosides’ parasympathetic sensitizing 
activity and by their direet blocking effects on the 
-V node. In the presence of serious, unstable clinical 
states, parasympathetic tone probably decreases, 
whereas hyperadrenergic activity and release of cate- 
olamines becomes prominent. These factors tend 
to blunt and even override the A-V blocking activity 
f digoxin so that the ventricular rate in the presence 
- atrial fibrillation remains rapid. The interplay be- 
jeen catecholamines and digitalis has been demon- 
strated in the experimenta! dog model of Ogden et 
al,? in which a competition at the nodal level be- 
tween beta stimulators and digitalis was shown, and 
the A-V blocking effects of digitalis were diminished 
in the presence of high circulating levels of beta ad- 
renergic stimulators. 

The clinically important information emerging 
| from these findings is that, in the presence of severe 
unstable clinical conditions, the effects of digitalis on 
the A-V-node may be minimal and the drug remain 
incapable of normalizing the ventricular rate. This is 
not to say that it is necessarily desirable to decrease 
' the ventricular rate below 100/min, since even sinus 
_ tachycardia is a normal compensatory response, con- 
sidered appropriate and even beneficial in patients 
with acute illnesses. Thus, the point is not that the 
ventricular rate need be slowed to below 100/min, but 
rather that "therapeutic" levels of digoxin are inca- 
. pable of doing so, and were excessive doses of the 
| drug thoughtlessly employed, toxicity could eventu- 
ate. 
|. 3. Serum digoxin levels and signs of toxicity: Of 
. additional note is the observation that high serum 
concentrations of digoxin— between 2.5 and 5 ng/ 
. ml—failed in most instances to elicit gastrointestinal 
- or cardiovascular signs or symptoms of digitalis tox- 
t icity: The explanation for the apparent disparity be- 
. tween the data gathered from these patients and the 
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results reported by Smith et ali? may reside in the 


populations studied. 'T'wo thirds of the patients from 
the Massachusetts General Hospital investigation 
had sinus rhythm and were receiving digitalis for 
congestive heart failure, ischemic heart disease, myo- 
cardial disease or pulmonary dysfunction. Patients 
with these conditions are considered among those 
most sensitive to the toxic effects of digitalis and, 
therefore, most prone to the development of digitalis- 
induced arrhythmias. The patients in our group with 
atrial fibrillation probably as a whole had less myo- 
cardial disease and were thus at less risk of develop- 
ment of digitalis intoxication. This point is brought 
home cogently in a review of previous experience? 
with digitalis-related suicidal attempts or poisoning 
in children which demonstrated that drug toxicity 
was relatively mild in face of ingestion of huge 
amounts of a digitalis preparation. A second factor 
influencing the low frequency of digitalis toxicity 
seen herein may relate to the initia! rapid ventricular 
rates; such rates tend to suppress premature ventric- 
ular contractions or runs of ventricular tachycardia 
by overdriving the heart and, thus, a persistently 
rapid ventricular rate is, in effect, antiarrhythmic!® 
and capable of masking early signs of digitalis-in- 
duced arrhythmias. 

4. Serum digoxin levels as a reflection of myo- 
cardial concentration: Finally, there are many im- 
ponderables in our knowledge of the use of digitalis 
and digoxin blood levels. Just how closely serum lev- 
els reflect drug activity that is taking place either in 
the membrane or within the myocardial cell has 
never been adequately clarified. Certainly, it has 
been clearly shown that no simple relation exists be- 
tween intra- and extracellular concentrations of the 
drug. Moreover, a marked inhomogeneity in concen- 
trations of digoxin within different locations in the 
same heart has previously been demonstrated.!! Al- 
though “toxic” and “nontoxic” concentrations of the 
drug have been defined these definitions represent 
mere averages and do not relate to the clinically rele- 
vant actions of the drug—inotropism and A-V block- 
ing activity. A significant number of patients without 
digitalis toxicity (10 percent) have concentrations in 
excess of 2.0 ng/ml, usually in the range of 2 to 3 ng/ 
ml, and a significant number of patients with clinical 
evidence of toxicity have levels in the normal" range 
of 1.4 to 2.0 ng/ml.!? 

Most important, the time-tested procedure of 
*pushing" digitalis until the ventricular rate is ade- 
quately slowed in atrial fibrillation must be decried 
since, in many clinical situations, potentially toxic 
and dangerous levels of the drug may build up. In 
clinical practice, if judicious amounts of digitalis do 
not effectively slow ventricular rate, other forms of 
therapy such as treatment of the underlying compli- 
cating condition, administration of antiarrhythmic 
agents, use of propranolol to elicit A-V blockade, or 
cardioversion seem to be rational alternatives to 
overdigitalization. 
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Action of Drugs in Patients Early After Cardiac Surgery 


Comparison of Isoproterenol and Dopamine 


Dopamine and iscproterenol were each administered in two different 
doses to 12 patients with coronary artery disease in the period imme- 
diately after open heart surgery. The two doses of dopamine resulted 
in respective increases in cardiac output of 23 and 43 percent and re- 
ductions in systemic vascular resistance of 23 and 32 percent; neither 
dose significantly altered heart rate. The two doses of isoproterenol 
caused respective increases of 23 and 37 percent in cardiac output 
and 18 and 28 percent in heart rate and reductions in systemic vascu- 
lar resistance of 22 and 29 percent. We conclude that lack of chrono- 
tropic effect of dopamine as compared with isoproterenol may make 
the former the agent of choice in patients requiring inotropic agents for 
their care in the early period after cardiac surgery. 


The low cardiac output syndrome is a serious problem after cardiac 
surgery.! This syndrome is characterized hemodynamically by a de- 
pressed cardiac index and increased peripheral vascular resistance. 
Clinically, the patient presents with increased central venous pres- 
sure, decreasing urinary output, cold, cyanotic limbs, weak peripheral 
pulses and low or normal blood pressure. The fully developed syn- 
drome is associated with high postoperative mortality rates.! 
Treatment of the postoperative low output syndrome is directed 
toward improving cardiac output and peripheral perfusion. Isopro- 
terenol, the most widely used drug in treatment of this syndrome? 
acts to improve cardiac output primarily through its chronotropic ef- 
fect and secondly through its direct inotropic action.? It also has a di- 
rect peripheral vasodilating effect, decreasing peripheral vascular re- 
sistance and increasing cutaneous and skeletal muscle blood flow.‘ Its 
usefulness may be significantly limited in some patients because its 
chronotropic action is frequently accompanied by ventricular ar- 
rhythmias or excessive tachycardia. Although isoproterenol dilates 
the cutaneous and skeletal muscle vascular beds, its action in the 
renal vasculature has not been fully defined. Early studies suggested . 
no renal vasodilatation, but later studies have shown isoproterenol to. 
potentiate the action of diuretic agents and to increase effective renal 
plasma flow.? The final results, however, may be diminished renal 
blood flow in association with increased flow to muscle and skin. 
Many of the disadvantages inherent in the use of isoproterenol can 
be countered by the use of dopamine, a naturally occurring catechol- 
amine that is a precursor of norepinephrine. Dopamine in man in- 
creases cardiac contractility without increasing heart rate.® It also in- 
creases renal blood flow, glomerular filtration rate and sodium exere- 
tion while reducing systemic vascular resistance9" Dopamine has 
been. used clinically to treat shock of various causes, ™ 1° Rosenblum 
and Frieden’! administered dopamine to 15 patients who experienced 
“pump failure” after open heart surgery and who had not responded 
to the usual therapy (13 of 15 had received isoproterenol). Ten of the 
15 manifested hemodynamic improvement, and 6 of these ultimately 









left the hospital. Because of these encouraging pre- 
-liminary results, we evaluated, in a controlled man- 
ner, the circulatory responses of 12 patients to iso- 
proterenol and dopamine during the period immedi- 

55. "ately after cardiac surgery. 


S Methods 
-Case Material 
< Twelve patients with coronary artery disease undergoing 
“open heart surgery with cardiopulmonary bypass were 
* 7 studied in the immediate postoperative period. Each was 
i selected randomly as the first patient of the day undergo- 
ing cardiac surgery to give informed consent for the postop- 
‘erative study. Informed consent was always obtained the 
evening before surgery after an explanation to the patient. 
T During the control period, three additional patients were 
"5" eliminated from the study because of resting ventricular 
^. arrhythmias (one patient) or hemodynamic instability 
|. without myocardial inotropic support (two patients). The 
operations performed are listed in Table I. 


*: Protocol 
vo The study protocol was identical in all patients. Immedi- 
~ ately postoperatively, the patients were taken to the Stan- 
ford intensive care unit. Standard electrocardiographic 
monitor leads were attached, a saline solution manometer 
was connected to the right atrial catheter, and fluid-filled 
polyethylene catheters in the pulmonary artery, left atrium 
and a peripheral (radial or femoral) artery were attached to 
Statham transducers (model P23Db). The transducer sig- 
“nals were amplified and filtered using Hewlett-Packard 
amplifiers, and the conditioned signals reproduced with a 
` Honeywell Visicorder. All pressure measurements were 
.. made when the positive pressure respiration was temporar- 
. ily stopped. 













TABLE II 
Hemodynamic Values in 12 Postoperative Patients* 


Isoproterenol (ug/kg per min) 





TABLE | 
Operations Performed in Study Patients 





Coronary artery bypass graft 
One graft 
Two grafts 
Three grafts 
Resection of ventricular aneurysm 
Alone 
With two bypass grafts 
Valve replacement 
Mitral valve replacement and one graft 
Aortic valve replacement and two grafts 
Total 

















Ventilation was maintained through an endotrache: 
tube, using a pressure-regulated respirator with freque 
arterial blood gas determinations to guarantee stable, sati 
factory pH and partial pressure of oxygen. Serum potass 
um levels were maintained within the normal range. Cor 
tinuous determinations of the blood loss were made an 
losses were corrected with citrated whole blood. Addition 
whole blood (up to 200 cc positive blood balance) was at 
ministered to maintain constant right atrial pressure du 
ing the course of the study. Heated blankets were used 1 
maintain body temperature in the range of 36.5? to 37 

A control period of 30 minutes without drugs follo 
the patient's arrival from the operating room and atta 
ment of the monitoring equipment. At the end of this 
od, control determinations were made of heart rate (f 





Dopamine (g/kg per min). 

















Control 0.0250 Control 2.5 
Pressures (mm Hg) 
Right atrial mean 8+ 2.4 7+ 2.5 7+1.8 742.5 7+ 2.6 
- Pulmonary arterial mean 24+ 7.6 234 7.5 23 + 6.0 22 3- 5.7 19+ 4.4 
(—496) (—4%) (—14%) 
Left atrial mean 12+ 5.9 10 + 5.51 10 + 5.1f 11+ 6.0 8 34+ 
: (-17%) (—1796) (—2796) 
-o Arterial mean 98 3- 11.5 92 + 10.1t 93 + 6.71 95 + 7.7 87 + 118+ 
(-6%) (—5%) (—996) 
Cardiac output 5.2 2- 0.9 6.4+ 1.1f 7.12 1.6f 4.7 + 0.9 5.6 3: 1.11 
(liters/min) (+23%) (+37%) (423%) - 
Cardiac index 2.9+ 0.5 3.6+ 0.7 3.94 0.8 2.7 4: 0.5 3.3 + 0.6 
(liters/min per m?) 
Heart rate 108 + 15.0 126 + 12.0?  135-- 11.8: 110+ 18.0 lil 17.5 
(beats/min) (+18%) (+28%) 
Stroke volume 49 + 11.7 51 + 10.1 53 + 14.0 43 + 6.6 51 + 9.07 
(ml) (+5%) (4-896) (+23%) 
Pulmonary vascular resistance 189 + 84.2 172 + 74.4 150 + 52.4} 1944: 61.3 170 + 64.5 
(dynes sec cm~*) (—9%) (—2196) (—1295) 
_ Systemic vascular resistance 1430 + 363 1110 + 3241 1020 + 2871 1560+: 319 1200- 284T. 
(dynes sec cm) (—22%) (--29%) (23%) o 





CP «0.05. 


'* Values expressed as mean + standard deviation, with percent change from control shown in. parentheses. 
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. the electrocardiographic monitor), pressures (right atrial, 
pulmonary arterial, left atrial and peripheral arterial) and 
cardiac output, using the dye-dilution techniques, Indocya- 
* nine green was injected into the pulmonary artery and 

sampling was done by meane of a brachial arterial catheter 
through a Waters densitometer, model D-400, utilizing a 
Waters cardiac output computer, model CO-4. Each cardi- 
ac output determination was performed in duplicate, and if 
the values obtained varied by more than 10 percent, re- 
peated determinations were made to obtain serial output 
values varying by no more than 10 percent. Only three pa- 
tients had a greater than 10 percent variation. 

After obtaining control data, a drug infusion was begun. 
First a small and then a large dose of isoproterenol (0.0125 
and 0.025 ug/kg per min), followed by small and large doses 
.. of dopamine (2.5 and 5.0 ug/Eg per min) were given each 
v patient; the order of drug administration was reversed in 
.. alternate patients. Each drug dose was infused for 20 min- 
_ utes and then heart rate, pressures and cardiac output were 
„recorded. After administration of both doses of the first 
drug, the drug infusion was stopped and a repeat 30 minute 

period allowed for stabilization. Control data were again 
: obtained, and the second drug infused at the two dose lev- 
Is. Changes in heart rate, pressures or cardiac output ef- 

fected by either dose of a drug were compared with control 
* values obtained just before the Grug’s administration. 
5 In the data presented, all pressures are recorded in milli- 
_ meters of mercury. The cardiac output is expressed in liters 
per minute. Pulmonary vascular resistance was calculated 
by dividing the difference of the mean pulmonary arterial 
pressure and mean left atrial pressure by the cardiac out- 
| put. Similarly, systemic vascular resistance was calculated 
a8 the ratio between mean arterial pressure minus right 
atrial pressure and cardiac output. Statistical comparisons 
were performed using Student's t test for paired data. 





















ISOPROTERENOL 0.0125 mcg/kg/min 
ISOPROTERENOL 0.025 meg/kg/min 
DOPAMINE 2.5 mcg/kg/min m 


DOPAMINE 5.0 mcg/kg/min EJ 
H.R. 
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% CHANGE FROM CONTROL 


; -50 
X FIGURE 1. Effect of isoproterenol and dopamine on cardiac output 

(C.O.), heart rate (H.R.) and systemic vascular resistance (S.V.R.), 
expressed as percent change from contra values. 
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Results. 


Group means and 1 standard Geviation from the 
mean for hemodynamic data obtained in the 12 pa- 
tients are summarized in Table II; both absolute 
values and percent change from control values after 
drug administration are shown. Neither drug caused 
significant changes in mean right atrial or pulmonary 
arterial pressures. Both drugs significantly reduced 
left atrial pressures 2 to 3 mm Hg. Isoproterenol re- 
duced mean arterial pressure by 6 and 5 percent in 
small and large doses, respectively (P «0.05 for 
both); dopamine reduced it by 9 and 3 percent, re- 
spectively (P «0.05 for both). 

Figure 1 depicts the changes from control effected 
by the two drugs on the critical variables of cardiac 
output, heart rate and vascular resistance. Cardiac 
output was significantly increased by both doses of 
isoproterenol (23 and 37 percent) as well as by both 
doses of dopamine (23 and 43 percent). There was no 
significant difference (P >0.05) in the percent in- 
crease with dopamine at the larger dose as compared 
with that obtained with isoproterenol at the larger 
dose. Heart rate rose significantly with both doses of 
isoproterenol (18 and 28 percent) but did not change 
significantly with dopamine. Neither dose of isopro- 
terenol significantly increased stroke volume, where- 
as dopamine significantly (P «0.01 for both doses) 
increased stroke volume by 23 and 35 percent. Sys- 
temic vascular resistance was significantly reduced 
with both doses of both drugs (22 and 29 percent 
with isoproterenol and 23 and 32 percent with do- 
pamine). 


Discussion 


In the immediate postoperative period after open 
heart surgery, hemodynamic instability may be pres- 
ent because of rapid changes in blood volume, vascu- 
lar resistance and capacitance, body temperature, 
heart rate, respiratory mechanics, cardiac contractili- 
ty, electrolyte balance and additional undefined fac- 
tors. Studies of hemodynamic responses to pharma- 
cologie agents used in this interval must be designed 
to discriminate between drug effects and the changes 
associated with these factors. This study attempted 
to circumvent these problems in four ways. First, 
control was provided for those variables that could be 
defined, such as serum level of potassium, ventilatory 
mechanics, acid-base balance and body temperature. 
Blood loss was replaced and balance was considered 
to be present because of constant right atrial pres- 
sures. Second, the drug infusions were maintained 
only long enough (20 minutes) to achieve a hemody- 
namically stable response to the infusion given, thus 
minimizing the effects of spontaneous hemodynamic 
changes that may occur gradually with time. Third, 
each drug infusion was preceded by a 30 minute peri- 
od witheut drug administration, at the end of which 
control hemodynamic data were obtained. Hemody- 
namic effects of the drug were then compared with 
the control state immediately before drug infusion. 














Finally, isoproterenol and dopamine were alternated 
in sequence of administration so that any systematic 
changes associated with either early or late adminis- 
tration would be excluded. 
= Comparison of dopamine and isoproterenol: 
The hemodynamic actions of dopamine and isoprote- 
. renol in the doses we compared were generally simi- 
lar in our postoperative patients. Both drugs caused 
_ slight reductions in pulmonary arterial and peripher- 
_al arterial mean pressures in the lower dose range, al- 
though in the higher dose range, administration of 
dopamine resulted in no significant change in these 
` pressures. Both drugs reduced calculated pulmonary 
and systemic vascular resistances by nearly the same 
- percentages. Dopamine and isoproterenol were both 
effective in significantly increasing cardiac output in 
a dose-dependent fashion, with similar percent in- 
creases over control values for the doses studied. Iso- 
proterenol, however, augmented cardiac output in as- 
sociation with a marked increase in heart rate, where- 
-as dopamine effected similar changes without signifi- 
<o cant chronotropic stimulation. As others? have also 
^^.shown, isoproterenol increased cardiac output pri- 
marily through increase in heart rate without in- 
^... creased stroke volume. On the other hand, dopamine 
(hada powerful inotropic response resulting in signifi- 
cant increases in stroke volume. 
Im patients with coronary artery disease, marked 
increases in myocardial oxygen consumption should 
be avoided. Heart rate is one of the most powerful 
determinants of myocardial oxygen demands, and 
isoproterenol increases these demands greatly by in- 
creasing heart rate to improve cardiac output. The 
















action of dopamine would also increase myocardi 
oxygen consumption but probably to a much less sig 
nificant degree than that of isoproterenol From 
these considerations, dopamine would be the prefera 
ble agent in patients with critical reductions in th 
capacity to deliver oxygen to the myocardium. 

Clinical applications to therapy: Therapy of the 
low cardiac output syndrome after open heart sur 
gery must still be individualized. Clearly, measure 
ment of left atrial or pulmonary capillary wedge pres: 
sures is essential in managing such patients. Cardia 
output measurements are also helpful. Many patien 
respond adequately to volume replacement and: 
not require inotropic agents. Isoproterenol i is also an 
effective drug for this purpose, especially in patients 
with bradycardia, since it exerts both chronotropi 
and inotropic stimulation. However, in patients wit. 
prior tachycardia or ventricular arrhythmias, or 
patients who experience such complications with ad 
ministration of isoproterenol, dopamine may be con 
sidered an effective alternate drug for myocardial 
support, as demonstrated in our studies. Finally, th 
previously documented ability? of dopamine to en 
hance renal function may be helpful.!?!? 

These conclusions regarding the action of do 
amine are warranted in postoperative patients wi 
mildly reduced cardiac output and index (Table ID 
and we hypothesize that they would also apply to pa 
tients with markedly reduced cardiac output postop. 
eratively. Extrapolations of these data must b 
viewed with caution; however, dopamine has proved 
effective in improving circulatory status in other pa 
tients with low cardiac output.!? 
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Evaluation of the Interatrial Baffle Procedure 


Hemodynamic and electrophysiologic studies were performed in 11 
children with dextrotransposition of the great arteries an average of 26 
months after the interatrial baffle procedure and, in 2 patients, addi- 
tional closure of a ventricular septal defect. All children are clinically 
well. Right to left shunts ranging from 28 to 63 percent of systemic 
blood flow were fcund at the superior vena caval-baffle junction in four 
children. The superior vena caval-baffle gradient averaged 7 mm Hg 
(range 0 to 22). Right ventricular stroke work index averaged 39 g- 
m/beat per m? and right ventricular end-diastolic pressure 9 mm Hg. 
These values were not significantly different from the values for the 
systemic left ventricle in a comparable group of normal children (aver- 
age left ventricular stroke work index 45 g-m/beat per m? and average 
left ventricular end-diastolic pressure 8 mm Hg). Cardiac index, heart 
rate and arteriovenous oxygen difference were also normal. No child 
has complete heart block. His bundle recording demonstrated normal 
H-V intervals (range 27 to 40 msec); 4 of the 11 had a prolonged A-H 
interval. Left ventricular systolic pressure was less than 40 mm Hg in 
all but two children who had significant subpulmonary stenosis. Pulmo- 
nary vascular resistance averaged 1.9 units and was decreased in all 
children. We conclude that up to 37 months. postoperatively, despite 
some residual abnormalities, the clinical and hemodynamic condition 
of these children is excellent. 


The interatrial baffle procedure described by Mustard et al? in 
1964 has dramatically altered the natural history of dextrotrans- 
position of the great arteries. Mortality rates have been considerably 
reduced?-? and the clinical course of the survivors is significantly im- 
proved.-!^ Persisting abnormalities have included dysrhyth- 
mias,*9.10.12,16-18 residua] shunts,?9:10.19 mild to severe superior vena 
caval obstruction,*?)-?? abnormalities of cardiac pump perfor- 
mance,'*:!4 potentially lethal pulmonary venous obstruction??? and 
various degrees of tricuspid regurgitation./??! The change in the pre- 


viously poor prognosis in dextrotransposition of the great arteries hás. 


made postoperative evaluation of the interatrial baffle procedure per- 
tinent. 

Since 1970, this procedure at the University of Oregon Medical 
School has been performed in 21 children ranging in age from 3 weeks 
to 10 years. Sixteen are alive, clinically well and without symptomatic 
arrhythmias; five patients died. Three of the deaths were in infants, 
aged 3 weeks, 3 months and 4 months, respectively, and occurred in 
the early postoperative period as a result of intractable supraventric- 
ular tachycardia in one, superior vena caval obstruction in one and 


-unknown causes in the third. The remaining two deaths were sudden, 


occurring more than a year postoperatively in children who had not 


been known to experience any postoperative arrhythmia. 
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This report is concerned with the postoperative he- 
modynamic and electrophysiologic evaluation of 11 of 
the 16 survivors of the interatrial baffle procedure. 


Clinical Material 

Postoperative hemodynamic and  electrophysiologic 
“studies were performed in 11 unselected patients with dex- 
trotransposition of the great arteries who underwent the 
interatrial baffle procedure between October 1970 and No- 
vember 1972. Six children were less than 2 years old at op- 
eration (average 7 months, range 2.5 to 17 months) and five 
children were more than 2 years old (average 54 months, 
range 27 to 66 months). All but one had had previous pal- 
liation by balloon septostomy?? or atrial septectomy, or 
both. 

Operation was performed at normothermia, with high 
flow cardiopulmonary bypass (2.4 liters/min per m?) utiliz- 
ing fresh heparinized blood for the prime. The venae cavae 
were cannulated at their atrial junctions. The operative 
technique has been previously described." In seven cases 
the interatrial baffle was made of pericardium and in the 
remaining four the baffle was made of dumbbell-shaped 
stretch knit Dacron®. One child with a Dacron baffle had 
previously had revision of a pericardial baffle for symptom- 
atic superior vena caval obstruction. In two children, aged 2 
1/2 months and 6 years, respectively, at operation, a ven- 
tricular septal defect was closed through a right ventricu- 
:Jotomy. Significant subpulmonary stenosis, present in two 


/t: children, was not treated. 


The average interval from operation to study was 26 
months (range 12 to 37). The average age at the time of the 
postoperative study was 34 months (range 17 to 48) for the 
younger children and 79 months (range 64 to 96) for the 
older children. Clinically all 11 patients are well, with nor- 
mal exercise tolerance, normal activity and normal growth 
and development. Four children appear mildly cyanotic. 
No child is taking cardiac medications. 


Methods 


The studies were performed an average of 26 months 
(range 12 to 36) postoperatively. Chest roentgenogram, 
electrocardiogram, complete blood count and urinalysis 
were obtained for each patient. Cardiac catheterization was 
|. performed under light sedation with meperidine-hydroxy- 
'..zine hydrochloride (Vistaril®)-chlorpromazine (Thora- 
.. gine®) (each cc containing 25 mg meperidine, 6.25 mg Vis- 
'taril, 6.25 mg Thorazine) given in a dose of 1 cc/20 to 30 Ib. 
The procedure included percutaneous venous (right heart) 


and arterial (left heart) studies. The presence of a shunt 


^. was detected by oximetry, dye curve, angiocardiogram and 
hydrogen inhalation. Cardiac output was determined by 
the Fick principle, using an assumed oxygen consumption 
of 140 liters/min per m? (normal for our laboratory) and 
also by the indocyanine green dye-dilution technique. 
Right to left shunts were defined by injecting indocyanine 
green into the superior vena cava, right atrium and left 
ventricle and sampling from the brachial artery. The pul- 
monary artery was entered in each patient and pressure 
measured and pulmonary vascular resistance calculated. 
His bundle recordings were attempted in all patients 
and were successful in nine. A no. 6F tripolar catheter in- 
troduced through a sleeve into the femoral vein was used to 


<  gecord the intracardiac electrogram and His bundle poten- 


<- tial in the nine patients. The His bundle potential was re- 
“corded from within the baffle chamber near the atrioven- 
‘tricular (A-V) valvular ring. Recordings were made on a 
multichannel oscilloscopie recorder (Electronics for Medi- 
cine DR-16) at paper speeds of 100 and 200 mm/sec, as pre- 
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TABLE | 
Postoperative Shunts and Baffle Function* 





Arterial 
Pa- 0, Sat- : 
tients uration Gradients am He) » 


SVC-RÀ 





(no) (95) SVC-"LA" RA-"LA" 
None 3 93-5  —3to-41? —3te+2 told 
Left to right 1 96 —1 0 Lee 
H; only s 
Right to left 3 91-933  —7to-12 —9to +1 Oto 10. 
<3% 
Right toleft 4 74-86 — —11to-Hl4 —17to—5  6to 22 
2895-6396 Uus 































* Right to left shunt expressed as percent of systemic flow 

H; z by hydrogen inhalation only. Left atrial pressure (LAN 
was taken as equivalent to right ventricular end-diastolic pre 
sure. RA = “new right atrium” (baffle chamber). RA-"LA" 
mean left atria! pressure subtracted from the right atrial pres 
sure; SVC-"LA" = mean left atrial pressure subtracted from th 
superior vena caval pressure; SVC-RA = mean right atrial pre: 
sure subtracted from the mean superior vena caval pressure. 


viously described.?^ Leads I, II, HI and V; of the surface 
electrocardiogram were recorded simultaneously. In thre 
children atrial pacing was also performed up to pacin, 
rates of 176/min, and sinus nodal recovery time was mea 
sured. 

Cineangiography was performed with injection of me 
glumine diatrozoate (Renografin-769) into the right ventri 
cle, aorta, baffle chamber, left ventricle and superior ven 
cava. i 

Arterial blood was drawn into a syringe containing hepa 
rin and sodium fluoride. Oxygen dissociation curves: o 
whole blood were constructed at 37? C using a mixing tech 
nique described by Metcalfe et al?9 and modified b 
Dhindsa et al.27 The measured values for oxygen tensio: 
(PO5) were corrected to a plasma pH of 7.40 by the Sever 
inghaus nomogram?? for man. All data for the constructio 
of the oxygen dissociation curves were obtained within: 
hours of withdrawal of blood. An aliquot of blood was fro 
zen for subsequent determination of the level of 2,3 dipho 
phoglycerate using a modification of the method of Grisoli 
et al”? 





Results 


The cardiothoracic ratio on chest roentgenogram 
averaged 0.55 (range 0.48 to 0.77). Hematocrit ave 
aged 38 percent (range 34 to 48). 


Shunts, Baffle Function 


Shunts: Three patients, two with a Dacron baffl 
and one with a pericardial baffle, had no intracardiac 
shunts (Table I). No shunts were demonstrated at 
the ventricular level in any patient. All residu 
shunts were at the superior vena caval-baffle junctio: 
or in the superior portion of the baffle. : 

Left to right shunting demonstrable by hydroge 
inhalation only was present in one child whose baffl 
was made of pericardium. Right to left shunting « 
less than 3 percent of the cardiac output was presen 
in three patients, two with a pericardial and one wit 
a Dacron baffle. These three children had an arterial 
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i FIGURE 1. Left. ventricular pressure before (Pre-op) and after (Post- 
- op) interatrial baffle procedure. Postoperatively left ventricular pres- 
“sure fell to normal levels for the pulmonary ventricle except in the 
wo. children. with subpulmonary stenosis (P.S.). In these children, 
whose stenosis was not treated at operation, the left ventricular 
essure had increased slightly. LV = left ventricular; TGA = trans- 
ition of the great arteries; VSD = ventricular septal defect. 
















ygen saturation of more than 91 percent and they 
re not clinically cyanotic. Right to left shunting of 
ater than 25 percent of systemic blood flow was 
esent in four children, three with a pericardial and 
ne with a Dacron baffle. These four children ap- 
peared mildly cyanotic. Blood Pso (the PO» level at 
hich hemoglobin i is 50 percent saturated with oxy- 
gen) was normal in all 11 patients and averaged 27.6 
-mm Hg (range 26.8 to 28.7). Red cell 2,3 diphospho- 
glycerate values averaged 14.53 4M/g hemoglobin 
(range 12.60-16.69) and were also normal (normal 
_ range in this laboratory 12 to 18). 

_ Superior vena caval obstruction: A significant 
"pressure gradient that ranged from 6 to 22 mm Hg 
| between the superior vena cava and the baffle cham- 
_ ber (right atrium) was present in 6 of the 11 children 
"(Table I). Only one child, with a gradient of 14 mm 
Hg between the superior vena cava and right atrium 
.and complete obstruction between these two cham- 
bers, had clinical evidence of mild superior vena 
caval obstruction. This child had previously had a 
“pericardial baffle revised with Dacron for symptom- 
_atic superior vena caval obstruction. 

Baffle obstruction: The four patients with signif- 
‘cant right to left shunting had baffle obstruction as 
indicated by a significant superior vena caval-right 
. atrial gradient ranging from 6 to 22 mm Hg. How- 
ever, this gradient. was only slightly greater than that 
_in children with a minimal or no residual shunt. The 
gradient between the superior vena cava and the new. 
-left atrium and between the new right atrium and the 
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TABLE Ii 
Indexes of Cardiac Performance* 





Age at Surgery. 





Under 2 years Over 2 years P Value 

Patients (no.) 

Age at study (mo.) 33 (17-48) 79 (64-96) 

Cardiac index 3.7 (2.7-5.5) | 4.1(3.8-4.4) NS 
(liters/min per 
m?) 

Heart rate 90 (76-107) 92 (85-110) NS 
(beats/min) 

A-V O; difference 3,9(3.2-4.5)  4.1(3.3-5.1) NS 
(vol 96) 

RVSWI (g-m/beat 36 (25-46) 43 (35-46) NS 
per m2) 

RVEDP (mm Hg) 6 (3-8) 12 (8-17) «10.005 

Mean arterial 70 (65-75) 81 (70-95) «0.025 


pressure (mm Hg) 





* Values expressed as mean, with range in parentheses. 

A-V O; difference = arteriovenous oxygen difference; NS = 
not significant; RVEDP = right ventricular end-diastolic pres- 
sure; RVSWI = right ventricular stroke work index. 


new left atrium ranged from negative to positive for 
those with and without a significant shunt. 

Dacron vs. pericardial baffle: In the four pa- 
tients whose baffle was made of Dacron, the superior 
vena caval-right atrial gradient averaged 12.5 mm Hg = 
(range 4 to 22), and in the seven pru with a peri- 
cardial baffle, the gradient averaged 2.7 mm Hg 
(range 0 to 8). The difference between these two 
groups was statistically significant (P «0.025). The 
clinical significance of this finding is not clear since 
the number of patients is small, the pericardial baf- 
fles were used earlier in the series, and Dacron was 
later used instead of pericardium because symptom- 
atic baffle obstruction occurred in one child. How- 
ever, there was no significant difference in superior 
vena caval-right atrial gradient between children 
under and over age 2 years at operation. 


Left Ventricular Pressure and Pulmonary Vascular 
Resistance 


The left ventricular systolic pressure (Fig. 1) 
ranged from 15 to 108 mm Hg. Severe subpulmon- 
ary stenosis was present in two patients whose left 
ventricular pressure was. 62 and 108 mm Hg and 
whose left ventricular-pulmonary arterial gradient 
was 50 and 100 mm Hg, respectively. Of the remain- 
ing nine patients, four had a left ventricular systolic 
pressure of 30 to 40 mm Hg, with a gradient of 5 to 20 
mm Hg between the left ventricle and pulmonary ar- 
tery, and five had a left ventricular systolic pressure 
of less than 40 mm Hg. In the two children with se- 
vere subpulmonary stenosis, the left ventricular pres- 
sure had increased from the preoperative value. 
These two children had no symptoms of pulmonary 
stenosis and had normal pulmonary vascular mark- 
ings on chest roentgenogram and arterial oxygen sat- 
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uration of 96 and 91 percent, respectively, with no 
shunt in one and only a hydrogen-positive left to 
_ s; tight atrial shunt in the other. For the two children 

_ with a patched ventricular septal defect, the left ven- 
- tricular pressure was normal for the pulmonary ven- 
tricle. 

The pulmonary vascular resistance index for the 
group averaged 1.9 units. It was normal in nine pa- 
tients (range 0.56 to 4.0) and in two patients it was 
5.0 units. 

(00. The angiographic left ventricular ejection frac- 
tion averaged 0.69 (range 0.48 to 0.89). 





.. Cardiac Performance (Table I!) 


-Cardiac index, arteriovenous oxygen difference 
. and heart rate were normal in all children. Stroke 
-work index for the systemic or right ventricle was 
similar for both age groups. Right ventricular end- 
diastolic pressure, which was normal in all but two 
patients, was significantly greater in the older group 
of children. This may have been due to their normal 

y but significantly greater mean arterial pressure. 


2. Blectrophysiology 
- s The frontal plane P axis was in the normal range in 
all but one child with a P axis of —15? (Fig. 2.) 

5 Arrhythmias: No child has experienced complete 
heart block. Ten of the 11 children have had some 
form. of supraventricular dysrhythmia, as follows: 
'Two children had sinus bradycardia in the postoper- 
ative period only and now have normal sinus rhythm; 
“two have first degree heart block only (prolonged 

P-R interval); four have sinus rhythm (P axis +30°, 
+45°, +60°, +75°, respectively) with normal P-R in- 
terval and periods of asymptomatic junctional 
rhythm. Two additional children have a prolonged 
P-R interval, one of whom probably has sinus rhythm 
¿(P axis 60?) and one of whom probably has an ec- 
. topic atrial rhythm (P axis —15?), and these two chil- 



















TGA without VSD 


o 
190° *75 TA with VSD 


FIGURE 2. Frontal plane P axís derived frat the elecitotardisgis 
Ten of the 11 patients, including the 2 patients with a patched ve 
tricular septal defect, had a normal P axis. The P axis of + 15? m 
indicate an ectopic atrial pacemaker in that child. Abbreviations às 
in Figure 1. 


dren have experienced periods of junctional tach: 
cardia. No child requires antiarrhythmic therapy. © 
His bundle electrograms: The electrocardi 
graphic P-R intervals are illustrated in Figure 3 an 
compared with normal values for children of th 
same age, taken from the data of Abella et a9 One 
child had junctional rhythm during the study, with 
His bundle potential but no atrial activity. For th: 
child, therefore, the P-A, P-H and A-H intervals are 
not listed. The average P-A interval was 19 mse 
(range 0 to 53) and the P-H interval averaged 103 
msec (range 80 to 155). The A-H intervals (for eigh 
patients) and the H-V intervals (for nine patients 
were compared with the values for normal children o. 
the same age (Fig. 3). The H-V interval was norm: 
in each child. The four children with a prolonged P- 
interval by electrocardiogram demonstrated prolon- 
gation of the A-H interval by His bundle recording, 
thus indicating that the delay is above the bundle of 





P-R Interval A-H Interval H-V interval 
(ECG) 
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deviations. Other abbreviations as in Figure 1. 





"FIGURE 3. P-R, A-H and H-V intervals. The P-R intervals are derived from the electrocardiogram; the A-H and H-V intervals from the: His: bundi 
recordings. The postoperative intervals in patients with surgically treated dextrotransposition of the great arteries are compared with normal 
values taken from the data of Abella et.al.3? The four children whose P-R interval was prolonged also had prolongation of the A-H interval; the 
H-V interval was normal in all children. These data indicate that all conduction delays were above the bundle of His. A-H = onset of atrial acti 
"from the His bundle electrogram to the His potential; H-V = His potential to onset of ventricular activity from limb leads (i, Il, i), precordial lead 
ae v) ‘or His bundle electrogram; P-R = onset of P wave to onset of the QRS complex, from the surface electrocardiogram (ECG); SD = standart 
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pami 100 msec 


A | A HBE 
HBE þau] 100 msec 


PR=130 msec PH=100 msec HR {10 HV=30 

PA= O msec AH=I00 msec VA-I00 

HRIOO HV= 30 msec AH:I00 
A B 


“FIGURE 4. His bundle electrograms (HBE). A, normal postoperative recording from a patient with surgically treated dextrotransposition of the 
| great arteries. Paper speed 200 mm/sec. B, recording from a second child who had previously experienced a supraventricular tachycardia. Dur- 
_ ing most of the study he had normal sinus rhythm with a prolonged P-R interval. He also exhibited spontaneous periods of junctional rhythm, be- 
ginning with the His potential (H), with forward conduction to the ventricle (V) and retrograde conduction to the atrium (A). The atrium again depo- 
larizes the A-V node and bundle of His but, because the ventricle is presumably still refractory, the impulse is not conducted further. At a time 
when the Purkinje system is not refractory, a reentrant rhythm may thus be initiated, which may be the mechanism for this child's supraventricu- 










lar tachycardia. HR = heart rate (beats/min). 







His. Figure 4A illustrates a normal His bundle re- 
cording from one of the children. During the His 
bundle recording a second child, who had previously 
. experienced junctional tachycardia, manifested sinus 
rhythm with prolonged P-R interval and also sponta- 
- neously exhibited periods of junctional rhythm with 
_ retrograde conduction (Fig. 4B). 
=- Atrial pacing was performed in three patients, all 
- of whom maintained 1:1 conduction with pacing rates 
. up to 176 beats/min. The sinus nodal recovery time, 
. normal in these three children, was 765, 888 and 
*: 1,300 msec, respectively. 


| Angiography 
^s The tricuspid valve was competent in each patient. 
- Right ventricular trabeculations were increased. No 
aortic insufficiency. was demonstrated in any patient. 
.. Baffle obstruction was apparent angiographically in 
-six patients. Of these, three had mild tubular narrow- 
ing in the superior portion of the baffle; two patients 
_ demonstrated complete obstruction of the upper por- 
. tion of the baffle, with superior vena caval drainage 
< to the inferior vena cava by way of a dilated azygous 
vein; and the sixth child had complete obstruction 
= þetween the baffle and superior vena cava, with di- 
version of the superior vena caval return to the new 
: left atrium. Injections of contrast medium within the 
. baffle chamber demonstrated that the baffle acted as 
a conduit, rather than a storage chamber, with reflux 
of contrast agent into the inferior vena cava with ven- 
tricular systole. The mitral valve was competent in 
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every child. Subpulmonary stenosis was not apparent 
on left ventricular angiography. 


Discussion 
Shunting and Baffle Function 


Continued arterial oxygen unsaturation and hy- 
poxemia after the interatrial baffle procedure for 
dextrotransposition of the great arteries has been 
recognized since the operation was first performed .?- 
1019 It was initially attributed to Thebesian vein 
drainage to the new left atrium? and more recently 
recognized to be due to right to left shunting at the 
baffle or superior vena caval-baffle junction?9.19.19 or 
to pulmonary vascular obstructive disease.? 

Baffle obstruction, ranging from mild angiographic 
narrowing to complete obstruction between the supe- 
rior vena cava and baffle chamber, is a well recog- 
nized but frequently asymptomatic consequence of 
the interatrial baffle procedure 2919.19?! Occasional- 
ly superior vena caval obstruction has been suffi- 
ciently severe to require reoperation??? and a few pa- 
tients have had inferior vena caval obstruction.?? 
Pulmonary venous obstruction, though occurring far 
less often, has always resulted. in severe symptoms 
and occasionally in death; when recognized, it re- 
quires urgent reoperation.?1.!? 

In this study, no child had pulmonary venous or in- 
ferior vena caval obstruction. Four children had sig- 
nificant right to left shunting at the superior vena 
caval-baffle junction or süperior vena cava. Although 
this shunting was associated with baffle obstruction, 








the magnitude of the obstruction was not significant- 
ly different from that of children without significant 
shunting (Table I), Because shunting occurred even 
with a negative gradient between the superior vena 
- s eava and left atrium, and between the right and left 
< vmtria, we conclude that, when there is a defect in the 
baffle, shunting appears to be determined by stream- 

ing as well as by the pressure gradient. 


Cardiac Performance 


Cardiac performance after the interatrial baffle 
procedure has been the subject of a number of recent 
reports.13-152! The assessment of performance of the 
right ventricle as the systemic ventricle varies with 
the method used. Contractility has been reported to 
be diminished by angiography,? and cardiac index 
has been depressed in some patients despite satisfac- 
tory clinical performance.!^ Jarmakani and Canent!? 
found right ventricular end-diastolic volume and 
ejection fraction to be decreased before and after cor- 
rective surgery for dextrotransposition of the great 

"arteries. Friedli et al.!? concluded that right ventricu- 
lar contractility was comparable with that of the nor- 
mal left ventricle on the basis of calculations of veloc- 
ity of contractile element shortening. 
- Cardiac index, heart rate, arteriovenous oxygen 
|. difference and mean arterial pressure were normal in 
our patients. Right ventricular end-diastolic pressure 
“was also normal in all but two patients. Because of 
the difficulties in evaluating right ventricular perfor- 
mance, we assessed right ventricular function by ex- 
amining the relation of external work to filling pres- 
sure. Since in dextrotransposition of the great arte- 
ries the right ventricle is the systemic ventricle, ven- 
tricular stroke work index for the right ventricle in 
the postoperative studies was compared with the 
stroke work index for the normal left ventricle in 12 
children found to have insignificant heart disease 
~ (usually mild valvular pulmonary stenosis) at cardiac 
catheterization (Fig. 5). Ventricular stroke work 
index and end-diastolic pressure in our postoperative 
-> eases, including the two children who had had patch 
closure of a ventricular septal defect through a right 
^ ventriculotomy, were not significantly different from 
- those of the normal left ventricle. Hence, overall car- 
diac pump performance as reflected in ventricular 
stroke work index at a given end-diastolic pressure 

did not differ significantly from normal in this group 

of postoperative cases of transposition. 

Although others!?!??! have reported tricuspid re- 
gurgitation, it was absent in our patients. 










Arrhythmias 


Dysrhythmias ranging from asymptomatic to le- 
thal frequently occur after the interatrial baffle pro- 

. eedure.*916.17.1? Most are supraventricular, ectopic 
: atrial, junctional and His-junctional rhythms with 
~ occasional patients experiencing complete heart 
 block.*!? Rodriguez et al.!° concluded that since ven- 
tricular capture was obtained with atrial pacing dur- 
ing postoperative study, the most likely site of dam- 
age was the sinoatrial (S-A) node rather than the A-V 
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Ventricular End-Diastolic Pressure mmHg 
FIGURE 5. Comparison of postoperative values for ventricular 
stroke work index (g-m/beat per m? ) and ventricular. end-diastolic 
pressure of the systemic. ventricle (RV) in patients with surgically 
treated dextrotransposition of the great arteries with values of the 
normal systemic left ventricle in 12 children with either mild. pulmo- 
nary stenosis or no heart disease. Ventricular stroke work index and 
end-diastolic pressure were similar for both groups. RV = right ven- 
tricle; S.E. — standard error; other abbreviations as in Figure 1. 



























node or bundle of His. El-Said et al! concluded 
from analysis of P wave configurations and serial 
electrocardiograms that the incidence of sinus 
rhythm decreased and the incidence of active dys- 
rhythmias increased with time. In that study, three 
patients were found at autopsy to have damage to the 
S-A node and S-A nodal artery. The same group! 
obtained His bundle recordings in 11 patients who 
had arrhythmias after the Mustard procedure. The 
found a short A-H time in one and prolonged H- 
time in one and intratrial activity indicating that 
some of the sinus-like P waves seen in the electrocar- 
diogram may result from a junctional pacemaker. 

No child in our study has complete heart. block. 
Two of the 11 patients experienced active dysrhyt 
mias, consisting of supraventricular tachycardia th. 
required cardioversion in 1 and. was self-limited in 
the other. During the study, one of these children e 
hibited both sinus rhythm and spontaneous junction- 
al rhythm with retrograde conduction (Fig. 4B). A 
reentrant rhythm may have been one mechanism of 
the supraventricular tachycardia in this child. 

The frontal plane P axis in the surface electroca 
diogram (Fig. 2) was normal in each child, except fc 
one in whom it was —15?. Four of these children ha 
a delay in the A-H interval and several exhibited His 
junctional rhythm in addition to sinus or atri 
rhythm during the study. These findings suggest th 
the predominant rhythm is either sinus or an ectopic 
atrial rhythm with periods of junctional rhythm ori 
inating at or above the bundle of His. The delay in 








_. conduction may be in the atrium as a result of exci- 
- sion of the atrial septum, trauma to the sinus node 
. and reaction to suturing in the atrium. Normal H-V 
_ conduction time in all children (Fig. 3) indicates that 
_ there is normal conduction through the His-Purkinje 
s system. 


Pulmonary Vascular Disease 


Pulmonary vascular obstructive disease develops 
. in early childhood in patients with untreated dextro- 
_ transposition of the great arteries?! and has been an 
; important factor in the usual early demise in this dis- 
» ease. The influence of correction upon this aspect of 
_ the natural history? will be important in any postop- 
erative evaluation of dextrotransposition of the great 
arteries. Rodriguez-Fernandez et al.!? studied 11 pa- 
ients after the interatrial baffle procedure and found 
normal pulmonary arterial pressure in all. Twelve of 
|. 15 patients studied by Morgan et al? had normal 






















pulmonary arterial pressure, wheréas the remaining 3 
had pulmonary hypertension. In our study, the pul- 
monary arterial pressure was normal in every child. 
These findings suggest that the development of pul- 
monary vascular obstructive disease may be halted or 
prevented by the interatrial baffle procedure. 


In conclusion, despite some residual abnormalities 
and the frequent occurrence of dysrhythmias, the ex- 
cellent hemodynamic and clinical condition of these 
children with dextrotransposition of the great arte- 
ries who have undergone the interatrial baffle proce- 
dure encourages us to have an optimistic outlook on 
the future of children with this once fatal disease. 
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now, une station dues it all... 
collects ECG data, 
computes, analyzes, - 

prints report. 





inminutes, at bedside, Ez 
without central computer > 
ortelephone tie-ins 


The Roche Mobile Computerized 
ECG Station contains its own 
minicomputer, recorder, and 
printer. It can eliminate the 
routine work associated oe T 
with the reading of normal x com high performance ECG recorder 
ECGs. It is highly accurate, E: SUE with high noise rejection amplifier 
classifying correctly 95-98% ; 
of normal ECG's, 85% of 
abnormals: It is fast, supplying 
a computer printout based on 
the widely accepted USPHS 
program within a minute after 
readings are taken. 


There is a high degree of 
patient safety. Also, the Roche 
Station signals the operator 
immediately when tracings are 
being taken incorrectly or are 
of poor quality; it identifies 
interpretations that may be 
incomplete or equivocal. 


The Roche Mobile Station 
offers considerable savings over 
telephone tie-in ECG systems 
and yet avoids the extensive 
investment required for a 

^ dedicated central computer. 

. Economic feasibility studies and 
additional information are 
available from Roche. 

1. Hochberg. H. M. et al: Automatic electro- 


cardiogram analysis in rapid mass screening. 
Arch. Environ. Health 15:390-398, 1967. 
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potassium chloride supplement 
with the natural 
tomato juice flavor 





Description: Spray-dried tomato powder containing 10 mEq 
potassium (equivalent to 1.5 Gm KCl) per measured dose with natural 
and synthetic flavors, spices and colors. Benzoic acid and potassium 
benzoate added as preservatives. When reconstituted as directed, makes 
a pleasantly flavored, low sodium tomato price drink 

Indications: The prevention or correction of potassium deficit, 
particularly when accompanied by hypochloremic alkalosis in conjunc: 
tion with thiazide diuretic therapy; in digitalis intoxication, or as the 
result of long-term corticostersid therapy, low dietary intake of potas- 
sium, Gr excessive vomiting or diarrhea. 

Contraindications: Potassium is contraindicated in severe renal 
impairment involving oliguria, anuria or azotemia; in untreated Addi- 
son's disease, adynamia episodica hereditaria, acute dehydration, heat 
vramps, hyperkalemia from any cause. 

Precautions: Kato Powder is a concentrate and should be taken only 
after reconstituting with water as directed. Do not use in patients with 
low urinary output or renal decompensation, Administer with caution; 
fz is impossible accurately to assess the extent of potassium depletion, or 
the daily dose required. Excessive dosage may result in potassium intoxi- 
cation. Frequent checks of the clinical status of the patient, ECG and/or 
plasma potassium level should be made. High plasma concentrations 

of potassium ion may cause death through cardiac depression, arrhyth- 
mias or arrest. Use with caution in patients with cardiac disease 
Adverse Reactions: Vomiting, diarrhea, nausea, and abdominal 
discomfort may occur. Gross overdosage may produce signs and symp- 
tems of potassium intoxication: mental confusion, listlessness, pares- 
thesia of the extremities, weakness and heaviness of logs, flaccid 
paralysis, hyperkalemia, ECG abnormalities, fall in blood pressure, 
cardiac arrhythmias and heart block. The characteristic changes in the 
EEG are disappearance of the P wave, widening and slurring of QRS 
complex, changes of the $-T segment, tall peaked T waves, etc 
Texicity: Potassium intoxication may result from overdosage of 
potassium or from therapeutic dosage in conditions stared under 








“Contraindications.”’ Hyperkalemia, when detected must be treated 
imenediately because lethal levels can be reached in à few hours 
Treatment of Hyperkalemia: |. Dextrose solution 10% or 25% 
containing 10 units of crystalline insulin per 20 Gm dextrose, given LV 
in a dose of 300cc to 500cc in an hour. 2, Adsorption and exchange of 
potassium using sodium or ammonium cycle cation exchange resin 
orally or as retention enema. 3. Hemodialysis or peritoncal dialysis 

4. Elimination of potussium-containing foods and medicaments, 
Warning: Digitalis toxicity can be precipitated by lowering the plasma 
potassium concentration too rapidly in digitalized patients 
Administration and Dosage: Mix with water to make a pleasant 
tomato juice drink. The unit dose packet and the dose-measure supplied 
in the can cach provide 20 mEq of potassium. Usual adult dose ~=} packet 
or | measure of Kato Powder mixed with about 2 0uncces of water 

twiec daily —supplies 40 mEg potassium per day. Take with meals or 
follew with 'à glass of water. Larger doses may he required, but should 
be administered under close supervision because of the possibility of 
potassium intoxication 


How Supplied: 


Carton of 30 unit dose packets, 20 mEQ each. 


8 oz caa (40 doses) with 20 mEq dose-measure 


Ingram Pharmaceutical Company / San Francisco, Ca 94111 
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Kato Powder is KCl 
blended with natural 
tomato powder and subtle 
spices. Mixed with a mere 
2 ounces of cold water, 

it provides a dose of 
potassium chloride in a 
good tasting low sodium 
tomato juice drink. 
Refreshingly different. 
Patients take it and like it! 
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The art of antianginal therapy 


— For centuries, treating the heart's ills has been the subtlest of 





Ss arts. Even today, evaluating a drug for chronic angina 
~ pectoris involves the art of medicine as well as its science. 


- During more than a decade of clinical experience, 
compounding both science and art, Persantine has often 
E been found useful in the long-term management of chronic 
. angina pectoris.* It may: 


a eliminate or reduce the frequency of anginal attacks 


p 


improve exercise tolerance 


vs reduce nitroglycerin requirements 







S Give enough, long enough —The recommended dosage: 
50 mg t.i.d. at least one hour before meals for several 
weeks or longer. 


OAK — & 
ersantine Tablets of 25 mg 
. dipyridamole 








One of a series of paintings of 
the heart in the style of 
well-known artists. 


- = The Heart... in the style of 
^. Georges Braque (1882-1963) 


c He and Picasso are considered 
ihe originators of cubism, 
which may be viewed as the 
classical form of expression for 
haotic world. Braque liked 
best to paint still life. 
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*INDICATIONS—Based on a review of 
this drug by the National Academy of 
Science-National Research Council 

| and/or other information, FDA has clas- 
sified the indication as follows: 





"Possibly" effective: For long-term ther- 
apy of chronic angina pectoris. 
Prolonged therapy may reduce the fre- 
quency or eliminate anginal epi- 

sodes, improve exercise tolerance, and 
reduce nitroglycerin requirements, The 
drug is not intended to abort the acute 
anginal attack. 








Final classification of the less-than- 


effective indications requires further 
investigation. 


CONTRAINDICATIONS — No specific contra- : 
indications are known. ; 


PRECAUTIONS — Since excessive doses can: 
produce peripheral vasodilation, the drug 5: 
should be used cautiously in patients with 
hypotension. » 


ADVERSE REACTIONS — Adverse reactions © 
are minima! and transient at recommended 
dosages. Instances of headache, dizziness, 
nausea, flushing, weakness or syncope, mild: 
gastrointestinal distress and skin rash have - 
been noted during therapy. Rare cases of 
what appeared to be an aggravation ofan- ~ 
gina pectoris have been reported, usually at 
the initiation of therapy. On thoseuncom- |: 
mon occasions when adverse reactions have 
been persistent or intolerable, with- : 
drawal of medication has been followed 
promptly by cessation.of undesirable 
symptoms. 


DOSAGE AND ADMINISTRATION —The rec- 
ommended dosage is 50 mg. (2 tablets) 
three times a day, taken at least one hour 
before meals. in some cases higher doses 
may be necessary but a significantly in- 
creased incidence of side effects is asso- 
ciated with increased dosage. Clinical : 
response may not be evident before the sec- 
ond or third month of continuous therapy. 
For complete details, please see the full 
prescribing information. 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, N.Y. 10523 














Quinton Stress Test System 
gives you exactly what you need. 
No more... No less... 








S programmer 


-... and provides manual 








Quinton Stress Test Systems are tailored to the needs : 
of the practicing clinical physician. They are durable, 
moderately priced units that deliver the accurate 

. diagnostic data you need...no more, no less. 

| Quinton Instruments, 3051 44th Avenue West, 
-. Seattle, Washington 98199. Phone: 206/284-4400 


QUINTON 
Multi-lead exercise ECG oe er Computer 
system includes 2-channel Isplays 5-1 depression, 
scope, recorder, and ST slope and heartrate. 


heart rate meter. ^ 


/.— Automatic 


- controls the 

- treadmill while 
you concentrate 
on the patient. ——-— 









Treadmill control 
panel indicates —^ 
speed and grade 


s control. 


: ~ 400 watt-second D.C. 
— Defibrillator. 
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Seven models of clinical / 
treadmills permit selection 
of the correct machine to 
match your requirements. 





Effectiveness... 





1.V. Administration Guidelines for Premature When therapeutic blood levels are required 
Ventricular Contractions and Tachycardia quickly, I.V. Injections 
1. Preparation of drug: Dilute before I.V. use. 100 mg. every 5 minutes until arrhythmia suppressed 


2. Usual dosage range: 200-1000 mg. (up to a maximum dose of 1 gram). 


3. Infusion rate: Not to exceed 25-50 mg. per minute. 
Total I.V. dose not to exceed 1000 mg. im nm DE 
4. Precautionary measures: 
a. Keep patient in supine position. [ne] in E 
b. Monitor electrocardiographically and discontinue 
if myocardial toxicity is evidenced. (m| mmm ».— 


c. Measure blood pressure almost continuously and 
temporarily discontinue infusion if blood pressure 
falls more than 15 mm. Hg. 





For ventricular arrhythmias 





SQUIB ® ‘The Priceless Incredient of every product 
is the honor and integrity of its maker.'TM 


by a variety of routes 





1.V. Infusion Oral Administration Guidelines to Provide 

2-6 mg. per minute’. 50 mg. /kg./day* for Ventricular Arrhythmias 
(42.8 ng./min./kg.)? Ventricular Tachycardia 

1. Wiman MO, Hammed MlA L: Am J Cardiol 33:661-667, 1974 (give priming dose of 1 g. if patient has not received 

2. Bigger JT, Jr., Giardina EV: MCV Quart 9 (1): 65-76, 1973 prior infusion) 


Premature Ventricular Contractions 





< 120 Ibs. 120-200 Ibs. - 200 Ibs. 
250 mg. 375 mg. 500 mg. 
. . . tablet q. 3 h. tablet q. 3h. tablet q. 3h. 
Terminate I.V. infusion gira poni pared. 
4 hours before eu 
oral regimen begun. 


*This dosage schedule is for use as a guide for treating 
the average patient, but all patients must be considered 
on an individual basis. 








Pronestyl 
(Procainamide Hydrochloride) 
through the entire therapeutic course 


DL: 


See next page for brief summary. 
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“ PRONESTVL” TABLETS” : 
(Procainamide Hydrochloride Tablets) 


The prolonged administration of procainamide often leads to the 
development of a positive anti-nuciear antibody (ANA) test with or 
without symptoms of lupus erythematosus-like syndrome. If a posi- 
tive ANA titer develops, the benefit/risk ratio related to continued 
procainamide therapy should be assessed. This may necessitate 
considerations of alternative anti-arrhythmic therapy. 









Pranesty! Tablets (Procainamide Hydrochloride Tablets) are veneer- 
coated tablets providing 250 mg., 375 mg., and 500 mg. procainamide 
hydrochloride. 


Contraindications: In patients with myasthenia gravis and where a hy- 
persensitivity to procainamide exists; bear in mind cross sensitivity to 
procaine and related drugs. Should not be given to patients with com- 
plete atrioventricular heart block. Contraindicated in cases of second 
degree and third degree A-V biock unless an electrical pacemaker is 
operative. 


"Administration: Should procairamide therapy be continued for any 
appreciabie period, electrocardiograms should be made occasionally 
. to determine its further need. 


Precautions: Evidence of untoward myocardial response should be care- 
fully watched for in all patients. In the presence of myocardial damage 
with atrial fibrillation or flutter, the ventricular rate may increase sud- 
denly as the atrial rate is slowed; acequate digitalization reduces but 
does not abolish this danger. Ventricular tachysystole is particularly 
hazardous if myocardial damage exists. 

The dislodgement of mural thromb: producing an embolic episode 
may occur in correcting atrial fibrillation due to the forceful contractions 
of the atrium. 

Extreme caution is required in attempting to adjust the heart rate 
when ventricular tachycardia has occurred during an occlusive coro- 
nary episode or where the use of procainamide may result in additional 
depression of conduction and ventricular asystole or fibrillation as in 
second degree and third degree A-V block, bundle branch block, or severe 
digitalis intoxication. 

Bear in mind when treating ventricular arrhythmias in patients with 
severe organic heart disease and ventricular tachycardia that complete 
heart block, which may be difficult to diagnose, may be present. Since 

: asystole may result if the ventricular rate is significantly slowed without 
i attainment of regular atrioventricular conduction, procainamide should 
,.be stopped and the patient re-evaluated. 










} of both 1 F 
produce symptoms of overd5sagé- principa 
and severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
ralgia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also occur. Rare cases of thrombocyto- 
penia or Coombs-positive hemolytic anemia, possibly related to this 
syndrome, have been reported. Measure anti-nuclear antibody titers at 
regular intervals in patients on procainamide for extended periods of 
time or in whom symptoms suggestive of lupus-like reaction appear; in 
event of rising titer (anti-nuclaar antibody) or clinical symptoms of LE, 
assess the benefit/risk ratio related to continued procainamide therapy 
(see boxed Warning). Steroid :herapy may be effective if discontinuation 
of procainamide does not cause remission of symptoms. If the syndrome 
develops in a patient with recurrent life-threatening arrhythmias not 
otherwise controllable, steroid-suppressive therapy may be used con- 
comitantly with procainamide. 

Adverse Reactions: Hypotension is rare with oral administration. Seri- 
ous disturbances of cardiac rhythm such as ventricular asystole or fi- 
brilabon are more common with I.V. administration. 

Large oral doses may sometimes produce anorexia, nausea, urticaria, 
and/cr pruritus. 

A syndrome resembling lupus erythematosus has been reported (see 
Precautions). Reactions consisting of fever and chilis have been re- 
portec, including a case with nausea, vomiting, abdomina! pain, acute 
hepatemegaly, and a rise in serum glutamic oxaloacetic transaminase 
following single doses of the drug. Agranulocytosis has been occasion- 
ally reported following repeated use of the drug, and deaths have oc- 
curred. Therefore, routine blooc counts are advisable during maintenance 
procainamide therapy; and the patient should be instructed to report any 
soreness of the mouth, throat, or gums, unexplained fever or any symp- 
toms cf upper respiratory tract infection. if any of these symptoms should 
occur and leukocyte counts indicate cellular depression, procainamide 
therapy should be discontinued and appropriate treatment should be 
instituted immediately. Bitter taste. diarrhea, weakness, mental depres- 
sion, giddiness, psychosis with hallucinations, and hypersensitivity 
reacticns such as angioneurot'c edema and maculopapular rash have 
been reported. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions and for full pre- 
scribing information. 

How Supplied: Pronestyl Tablets (Procainamide Hydrochloride Tablets) 
providing 250 mg., 375 mg., and 500 mg. are available in bottles of 100. 


ormat dosage ma 
ily ventricular tachycardia 





.. PRONESTYL® INJECTION 

. (Procainamide Hydrochloride Injection U.S.P.) 
Description: Pronestyl injection (Proceinamide Hydrochloride Injection 
U.S.P.) is a sterile aqueous solution provicing 100 mg. or 500 mg. pro- 
cainamide hydrochloride per mi. The 100 mg./ml. potency contains 
...0.996 (w/v) benzyl alcohol and 0.09% sodium bisulfite as preservatives. 
; The 500 mg./ml. potency contains 0.1% methylparaben and not more 
¿othan 0.2% sodium bisulfite as preservatives. 


...Contraindications: in patients with myasthenia gravis and where a hy- 
persensitivity to procainamide exists; cross sensitivity to procaine and 
“orelated drugs must be borne in mind. Should not be given to patients 
« with complete atrioventricular heart bleck. Contraindicated in cases of 
"t high-degree A-Y block unless an electrica! pacemaker is operative. 


Precautions: Evidence of untoward myocardial response should be 
carefully watched for in all patients. In the presence of myocardial 

¿ damage, procainamide may produce untoward responses, In atrial fi- 
brillation or flutter, the ventricular rate may increase suddenly as the 
atrial rate is slowed; adeguate digitalization reduces but does not 
abolish this danger. If myocardial damage exists, ventricular tachysystole 
^1s particularly hazardous. The dislodgement of mural thrombi producing 
an embolic episode may occur in correcting atrial fibrillation due to the 
forceful contractions of the atrium. 

Extreme caution is required in attempting !o adjust the heart rate 

; when ventricular tachycardia has occurred during an occlusive coronary 
episode or where the use of procainamide may result in additional de- 
pression of conduction and ventricular asystote or fibrillation as in A-V 
block, bundle branch block, or severe digitalis intoxication. 

Parenteral administration should be monitored electrocardiographi- 
cally whenever practicable. Parenteral administration should be discon- 
tinued at once if electrocardiograms give evidence of impending heart 
block. This complication should be kept in mind when treating ventric- 
ular arrhythmias (especially parenterally in patients with severe organic 
heart disease and ventricular tachycardia who may also have complete 
heart block. Since asystole may result if the ventricular rate is signifi- 
cantly slowed without attainment of recular atrioventricular conduction, 
procainamide should be stopped and the patient re-evaluated. 

in the presence of both liver and kidney damage. normal dosage may 
oroduce symptoms of overdosage—principally ventricular tachycardia 
and severe hypotension. 

A syndrome resembling lupus erythematosus has been reported with 
maintenance procainamide therapy. Common symptoms are polyarth- 
raigia, arthritis and pleuritic pain. Fever, myalgia, skin lesions, pleural 
effusion and pericarditis may also eccur. Rare cases of thrombocytopenia 
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or Coombs-positive hemolytic anemia, possibly related to this syndrome, 
have been reported. Measure anti-nuclear antibody titers at regular in- 
tervals in patients on procainamide for extended periods of time or in 
whom symptoms suggestive of lupus-like reaction appear; discontinue 
drug in event of rising titer or clinical symptoms of LE. Steroid therapy 
may be effective if discontinuation of procainamide does not cause 
remiss:on of symptoms. If the syndrome develops in a patient with re- 
current life-threatening arrhythmias not otherwise controllable, steroid- 
suppressive therapy may be used concomitantly with procainamide. 


Adverse Reactions: Because procainamide is a peripheral vasodilator, 
LV. administration may produce transient but at times severe hypotension 
particularly in conscious patients. I.M. injection is less likely to cause 
serious falls in blood pressure. Serious disturbances of cardiac rhythm 
such as ventricular asystole or fibrillation are also more common with 
|. V. administration. 

A syndrome resembling lupus erythematosus has been reported. Re- 
actions consisting of fever and chills including a case with fever and 
chilis plus nausea, vomiting, abdomina! pain, acute hepatomegaly, and 
a rise in SGOT following single doses of the drug have been reported. 
Bitter taste, diarrhea, weakness, mental depression, giddiness, psychosis 
with hallucinations, hypersensitivity reactions such as angioneurotic 
edema and maculopapular rash have been reported. Agranulocytosis 
has been occasionally reported following repeated use of the drug, and 
deaths have occurred; therefore, routine blood counts are advisable 
during maintenance therapy. If soreness of mouth. throat or gums, un- 
explained fever or any symptoms of upper respiratory tract infection 
should occur and leukocyte counts indicate cellular depression, procain- 
amide therapy should be discortinued and appropriate treatment should 
be instituted immeciately. 

Administration: Oral administration is preferred. When parenteral ther- 
apy is necessary, intramuscular administration is the method of choice. 
Intravenous use should be limited to extreme emergencies, the drug 
should be administered as a dilute infusion, and the patient should be 
monitored electrocardiographicaily. The intravenous dose should not ex- 
ceed 1 gram. Administer at a rate not exceeding 25 to 50 mg. per minute. 

Shouid procainamide therapy 5e continued for any appreciable period, 
electrocardiograms should be made occasionally io determine its fur- 
ther need. 

The package insert should be read carefully to become familiar with 
the recommended dosage for the indicated conditions. 


How Supplied: Pronestyl Injection (Procainamide Hydrochloride Injec- 
tion USP.) is available in 10 ml. vials providing 100 mg./ml. and in 
2 ml. vials providing 500 mg./mi. Q 1974 E. R. SQUIBB & SONS, INC. 444.009 
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Jne Instrument=A Complete System 





Holter Monitoring/Scanning-Stress Testing-Resting ECG 


The Medcraft CDC 70 Cardiac Diagnostic Center is the most versatile cardiovascular instrument 
available today. It allows you to perform all basic cardiac testing in your office, clinic or hospital. 


The CDC 70 is a clinically proven system utilizing innovative design and solid state circuitry to give 
you the most flexible, economical and reliable system for the monitoring and diagnosis of cardiac 
abnormalities. 


| First Class 


i Permit #12 
; Skippack, Pa. 
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Malter Recorder | BUSINESS REPLY MAIL 

colder of your | No postage stamp necessary if mailed in the United States 
dodet with voice oto: ee RR - NI MT 
16h 1 with the 





lease of a CDC 70 System be- POSTAGE WILL BE PAID BY 
| 48 s terms ERR MN A 
Box 542 


Skippack, Pennsylvania 19474 











Holter Monitor « Stress Test Monitor « Resting ECG * Physical 
Rehabilitation « Bedside Patient Monitor « Telemetry Monitor 


e Holter Scanner 


The Medcraft CDC 70 Cardiac Diagnostic Center has quality and performance built into a compact, 
uniquely designed instrument suitable for use in your office, clinic or hospital. All Medcraft instruments 
may be leased or purchased with convenient terms arranged to suit your individual needs. Medcraft 
cardiovascular equipment is covered by a one year warranty against defects in materials and work- 
manship. Sales and services are available from a nationwide network of factory-trained representa- 
tives. Act now to reserve your FREE Medcraft Holter Recorder! For an on-site demonstration or de- 


tailed information, please use the card below or call direct. 


FREE Holter Recorder Offer! 










e Medcraft Holter Recorder of my choice should 
a CDC 70 Cardiac Diagnostic Center between 
tand that this request does not constitute an 


ve Representative Call 
Literature 







TELEPHONE 


This offer is limited to delivery in the 
Continental U.S.A. excluding Alaska. 

Orders resulting from this offer must be 
acceptable for delivery within 45 days 

after receipt of order by Medcraft, Inc. 

Ali orders are subject to Medcraft acceptance, 
terms and conditions. 





Box 542 
Skippack, Pennsylvania 19474 
(215) 584-6825 


pump (IABP) therapy in low-cardiac 














a substantial minority of patients"" 


: - The Avco Intra-Aortic Balloon Pump 


. ..and the Sooner, the Better. 


The rationale of intra-aortic balloon 


output conditions is widely accepted. 
By lowering pressure in the proximal 
aortaat the beginning of systole, myo- 
. cardial work load is lessened. Also, by 
augmenting pressure during early 
diastole, pumping improves coronary 
perfusion and can open dormant col- 
laterals. Thus a better balance be- 
tween myocardial oxygen demand 
and consumption is obtained. 


3 Documented effectiveness 


The IABP's effectiveness is clinically proven in the treatment 
of. cardiogenic shock and in weaning patients from cardiopul- 
“monary bypass. It is a “lifesaving measure in a substantial 

minority of patients who would otherwise die of cardiogenic 

shock” Braunwald and Maroko” estimate that 20% of pa- 
tients who would otherwise die can be saved, while another 

20% can be stabilized for diagnosis and surgical intervention. 


IABP “significantly reduced the magnitude and extent of acute 

myocardial ischemic injury" "in animal studies. The authors’ 
preliminary clinical results also demonstrated reduced is- 
-chemia as well as hemodynamic improvement. 


- Time a critical factor 


Hemodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been developed by Leinbach:” These criteria are a 
major contribution to the effective application of IABP treat- 
ment since early use of the system greatly increases the 
chances of success. Buckley and associates^ used the IABP 
in 27 heart-surgery patients who went into shock upon ter- 
mination of cardiopulmonary bypass. Eighteen survived; 13 
are long term survivors. Best results occurred with initiation 
of IABP therapy early in the postoperative period. 


"Developed by Avco Corporation and 
manufactured for Roche Medical Electronics Division. 








The IABP versus drugs 


Dunkman and others^ have concluded 
that "catecholamines may actually in- 
crease ventricular dysfunction and ne 


crosis"whereasthelABP'senhancement — 
of coronary perfusion and reduction of: 
oxygen-consuming work in the left ven- 
tricle can save patients if applied before — 
about 40% of the left ventricle is irre- 


trievably damaged. Moreover, IABP pers : 
mits safe use of drugs if needed. e 


AVCO, the most experienced 
system ` 
The internal counterpulsation system a 


most widely used clinically is the Avco 
IABP. There are some very practical: 


reasons for this dominance. 


Patented 3-chamber balloon design pre- ` 
vents end occlusion. 


QRS triggered synchronization with nor- 
mal and abnormal rhythms. 


Automatic reset for changes in interval 
or loss of R wave. 


Safety engineering with fail-safe venting, 
self-initiated trouble identification, and 
emergency compressor with inde- - 
pendent power supply. 


Nationwide on-site service. 





1. Editorial, JAMA 224245. 1973. : 

2 Braunwald. E. and Maroko. PR. Ann. Int. Med. 
76:659. 1972. t 

3. Maroko. P.R. et al. Circulation 45:1 150, 1972. 

4. Leinbach. R.C.. quoted in Emerg. Med. 5:107. 1873. 

5. Buckley. M.J. et al (abstract). Circulation 46. Suppl 
2:76, 1972. 

6. Dunkman. WB. et al, Circulation 46.465, 1972 


Write for information on clinical experience and the annual Avco 
Pump Users' Meeting. Your local representative can arrange an 


ROCHE Avco IABP demonstration in either a clinical or experimental 





setting. 


ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN - LA ROCHE INC., CRANBURY, N.J. 08512 








Edwards Laboratories presents 
a whole new case for the STARR- 
EDWARDS™: Cardiac Pacer: the 
Model 8116 Hermetically Sealed 
Ventricular Tracking Pulse Generator. 

This second-generation pulse 
generator utilizes the same electronic 
circuit design of the Model 8114, which 
has attained a record of reliable clinical 
performance in more than 3,000 


confirmed implants. 

Of most significance, the Mode 
8116 features a hermetically sealed 
metal case to protect the entire elec- 
tronic circuit and power supply from 
body fluid infiltration. Critical com- 
ponents function in a totally dry 
environment, thereby contributing 
toward improved reliability and longer 
operating life. 
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Further, the all-metal surface 
offers added external shielding against 
electromagnetic interference. Haynes 
Alloy 25, a chemically inert and bio- 
logically compatible material, covers 
the entire surface, obviating the need 
for an epoxy barrier. Case width is 
reduced to 2.0 cm., thereby contributing 
to an improved cosmetic appearance. 

Inside the pulse generator, 





improved RM-1 Mallory Mercury Cells 
are employed. Pacing rates of 70, 78 and 
85 BPM may be selected as standard. 
Fixed rate versions are also available. 

Because of these numerous 
improvements, and past record of 
extended longevity, the Model 8116 
carries a 48-month warranty and 
replacement allowance. 

For complete details, clinical 


data, and a description of Edwards' 
complete Cardiac Pacer System, please 
contact Edwards Laboratories, 17221 
Red Hill Avenue, PO. Box 11150, Santa 
Ana, California 92711, 714/557-8910, 
Cable: EDSLAB, Telex: 68:5567. 


CI EDWARDS 
= LABORATORIES 


Division of American Hospital Supply Corporation 
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It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 


DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 


DIUCARDIN provides a good beginning for many hypertensive 
patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 


hypertension and adjunctive therapy for many 
types of edema. Ayerst. 





controlled early on 











- diuretic/ antihypertensive 


(See prescribing information on next page.) 
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1J iucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximate!y equal in their diuretic potency. 

‘The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 

INDICATIONS: Hypertensioa: DIUCARDIN alone may provide adequate 
control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents. 


DIUCARDIN alone or in conjunction with other antihypertensive agents 
isindicatedfor control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 

DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 

DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction. e.g. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic rena’ failure. 


CONTRAINDICATIONS: Anuria, oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 

The routine use of diureties in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
occur in patients with impaired renal function. 

Use with caution in patieats with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 

Use with caution when aydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 


Usage in Pregnancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and other adverse reactions. Therefore, the 
potential benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 
PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, 1.e. hypokalemia, hyponatremia, 
and hypochloremic alkdlosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance. 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension. oli- 
guria, tachycardia, and: gastrointestinal disturbances such as nausea 
and vomiting. Serum ard urine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids. 


If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional kyponatremia may occur in edematous patients during hot 
weather. Vater restriction rather than admiristration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochloremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because ef the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acíd levels may be increased and could, in susceptible 
patients, precipitate an attack of gout 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping. diarrhea, constipation, acute pancreatitis, 
Central. Nervous System: dizziness, vertigo, headache. paresthesias, 
xanthopsia, restlessness. 

Hematelogic: leukopenia. thrombocytopenia, agranulocytosis, aplastic 
anemia: 

Allergic: purpura, photosensitivity, rash, urticaria. necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol. 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum: nitrogen. elevation of plasma uric acid. hyperglycemia and 
glycosuria, decreased serum PBI levels. 


DOSAGE AND ADMINISTRATION: Usual adult dosage: 50- 
per day. 

The dosage regimen should be individualized to obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DiUCARDIN. (hvdroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DIUCARDIN — No. 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: 1. A.M.A. Drug Evaluations. ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg. C.R.: Hydro- 
flumethiazide. a new oral diuretic. Lancet 2:311 (Sept.) 1959. 
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for clinical 
applications 


€ Designed for clinical O.R. 
or cath lab use 


€ Easily applied handle- 
type probe 


€ Patient safety assured 
through isolation circuitry 


@ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 


for 
clinical 
applications 


€ Convenient, handle-ty pe 
probe with positive 
capture slide 


€ Designed for O.R. and 
cath lab use 


9 For rapid analysis of 
flow through exposed 
blood vessels 


€ Use with Biotronex 
clinical blood flowmeter 


FLOW 
PROBES 


for 


bypass 
applications 


* Use with heart-lung 
machine, artificial kidney 
or similar systems 


€ iron core construction 
provides high sensitivity 
and accuracy 


€ Operates with BLI 


research and clinical 
blood flowmeters 


€ Available in sizes to fit 
most tubing 








Now your patient can give you 
his 12-hour blood pressure 


profile...accurately, automatically | 


lood Pressure Recorder is comfortably worn by the 
by his clothing. He takes his own readings unobtrusively 
ring a normal day. And it is important to note that the 

ults from the presence of a physician or observer is 













alibrated and recorded on a standard cassette 
mation, by a decoder, furnishes a permanent 
by the physician for indications of varying. - 

d heart rate. Headphones, with the decoder, 
sounds in the area of diastolic pressures. _ 


sion has been in use for more than ten | 

















What percent of your diuretic patients 
would you expect to be potassium deficient? 


5 





1 


D. 


a. 176-995 
b. 1095-199; 
c. 20% -25% 


Serum electrolyte determinations on 627 ambulatory patients taking diuretics revealed 
that nearly one in four (23.9%) were hypokalemic (serum potassium <3.5 mEq. per liter), 
and 4.3% were hypochloremic (serum chloride <95 mEq. per liter) as well as hypokalemic* 
Too often patients cannot consume enough potassium by diet alone to ensure 
adequate replacement. 
That's where Kaochlor* (potassium chloride) comes in —a pleasant-tasting, citrus- 
flavored liquid which contains 20 mEq. each of potassium and chloride per 15 ml. 
Itshould be diluted with citrus juices, citrated soft drinks or water. And dosage is 
flexible, to satisfy the potassium and chloride needs of each individual patient. 


Kaochlor. .. 


(potassium chloride) 


























BRIEF SUMMARY 
-KAOCHLOR* (Potassium Chloride) 
10% LIQUID 
Description: Each 15 ml. (tablespoonful) supplies: 
20 mEq. each of elemental potassium and chloride 
(as potassium chloride, 1.5 Om.) with sugar, saccharin 
: and flavoring. Alcohol, 3%. 


; Aetions: Potassium chloride supplement. 
o ‘Indications: Hypokalemic-hypochloremic alkalosis 
and for the prevention and treatment of hypokalemia 
which may occur secondary to diuretic or corti- 
costeroid administration. It may be used in the treat- 
ment of cardiac arrhythmias due to digitalis 
intoxication. 
Contraindications: Severe renal impairment with 
oliguria or azotemia, untreated Addison’s disease, 
adynamia episodica hereditaria, acute dehydration. 
heat cramps, and hyperkalemia from any cause. 
Precautions:|n response to a rise in the concentra- 
tion of body potassium, renal excretion of the ion is 
c oinereased: With normal kidney function, it is difficult, 
- therefore, to produce potassium intoxication by oral 
‘administration. However, potassium supplements 
tust be administered with caution, since the amount 
of the deficiency or daily dosage is not accurately 
known. Frequent checks of the clinical status of the 


x patient, and periodic EOG and/or serum potassium 


: levels should be made. High serum concentrations 
of potassium ion may cause death through cardiac 
depression, arrhythmias or arrest. This drug should 
be used with caution in the presence of cardiac disease. 
If the basic disturbance produces metabolic acidosis, 
as in some renal tubular disorders, an organic salt 
such as potassium gluconate may be more 
advantageous. 

Adverse Reactions: Nausea, vomiting, diarrhea, 
and abdominal discomfort have been reported. The 
symptoms and signs of potassium intoxication include 
paresthesías of the extremities, flaccid paralysis, 
listlessness, mental confusion, weakness and heavi- 

: ness of the legs, fall in blood pressure, cardiac arrhyth- 
mias and heart block. Hyperkalemia may exhibit the 
following electrocardiographic abnormalities: disap- 

` ; pearance of the P wave, widening and slurring of 
“QRS complex, changesofthe S-T segment, tall peaked 

T waves, etc. 

Overdosage: Potassium intoxication may result from 

overdosage of potassium or from therapeutic dosage 

in conditions stated under "Contraindications" Hy- 
perkalemia, when detected, must be treated imme- 

diately because lethal levels can be reached in a 

few hours. 

Before prescribing, see complete prescribing infor- 

mation in the PDR or the individual package insert. 


*Manner, R. J.: Brechbill, D.O.: DeWitt, K.: Prevalence 
of Hypokalemia in Diuretic Therapy. Clin. Med. 79:15 
{Nov} 1972. 
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If you... Change your Address? 


| ... Need Information? 
b aoi YOUR PRESENT ADDRESS LABEL BÉLOW 
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if you have a new address please print it 
below. You MUST include your ZIP code, Post 
Office rules will not permit us to send your 
magazine to you without it. 
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Clip this entire form and attach it to any other 
Correspondence you may have for us and mail 
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Now... 

antihypertensive action 
at the vasomotor centers 
in the brain 


(clonidine Mi 
Meocifirde) =" 





Central action 


Catapres appears to lower 
blood pressure through 
central alpha-adrenergic 
stimulation, as shown in 
animal studies. This results 
in diminution — but not 
blocking — of sympathetic 
outflow from cardioaccelera - 
tor and vasoconstrictor 
centers in the medulla. 


Not a “depleter”, 
“blocker”, “inhibitor” or 
“false transmitter” 


Not a rauwolfia 


INGELHEIM 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 











Effective in hypertension, 
mild to severe 





Mild and infrequent orthostatic hypotension 





Normal hemodynamic responses to exercise 


are unaffected 





Renal blood flow and glomerular filtration rate 


essentially unchanged 





Mild to moderate potency 





The most common side effects are dry mouth, drowsiness and 
sedation. These generally tend to diminish with continued therapy. 
Other potential adverse reactions are listed in the Brief Summary. 


Catapres® (clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 


Indication: The drug is indicated in the 
treatment of hypertension. As an antihy- 
pertensive drug, Catapres (clonidine 
hydrochloride) is mild to moderate in 
potency. It may be employed in a general 
treatment program with a diuretic and/or 
other antihypertensive agents as needed 
for proper patient response. 

Warnings: Tolerance may develop in some 
patients necessitating a reevaluation of 
therapy. 

Usage in Pregnancy: In view of embryo- 
toxic findings in animals, and since infor- 
mation on possible adverse effects in 
pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended 
in women who are or may become preg- 
nant unless the potential benefits outweigh 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience 
is available with the use of Catapres 
(clonidine hydrochloride) in children. 
Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patients should be instructed not to dis- 
continue therapy without consulting their 
physician. Rare instances of hypertensive 
encephalopathy and death have been re- 
corded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has 
not been established in these cases. It has 
been demonstrated that an excessive rise 
in blood pressure, should it occur, can be 
reversed by resumption of clonidine 
hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in 
potentially hazardous activities, such as 
operating machinery or driving should be 
advised of the sedative effect. This drug 
may enhance the CNS-depressive effects 
of alcohol, barbiturates and other seda- 
tives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should 
be used with caution in patients with severe 
coronary insufficiency, recent myocardial 
infarction, cerebrovascular disease or 
chronic renal failure. 

As an integral part of their overall long- 
term care, patients treated with Catapres 
(clonidine hydrochloride) should receive 
periodic eye examinations. While, except 
for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings 
have been recorded with Catapres, in 


several studies the drug produced a dose- 
dependent increase in the incidence and 

severity of spontaneously occurring retinal 
degeneration in albino rats treated for 

6 months or longer. 


Adverse Reactions: The most common 
reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, head- 
ache, and fatigue have been reported. 
Generally these effects tend to diminish 
with continued therapy. The following re- 
actions have been associated with the drug, 
some of them rarely. (In some instances 
an exact causal relationship has not been 
established). These include: Anorexia, 
malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver func- 
tion tests; one report of possible drug- 
induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving 
clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride. 

Weight gain, transient elevation of blood 
glucose, or serum creatine phospho- 
kinase; congestive heart failure, Raynaud's 
phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, ner- 
vousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic 
edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash, 
impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal 
mucosa, pallor, gynecomastia, weakly 
positive Coombs' test, asymptomatic elec- 
trocardiographic abnormalities manifested 
as Wenckebach period or ventricular 
trigeminy. 


Overdosage: Profound hypotension, weak- 
ness, somnolence, diminished or absent 
reflexes and vomiting followed the acci- 
dental ingestion of Catapres (clonidine 
hydrochloride) by several children from 
19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and 
vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals 
usually abolishes all effects of Catapres 
(clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of cloni- 
dine hydrochloride, is available as 0.1 mg 
(tan) and 0.2 mg (orange) oval, single- 
scored tablets in bottles of 100. 

For complete details, please see full 
prescribing information. 

Under license from 
Boehringer Ingelheim GmbH 
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The CardioBeeper* heart monitor and 
CardioBeeper*-PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 


phistication. The CardioBeeper monitors 


are engineered to permit your coronary 


patient, within seconds, to telephonically 


transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in- 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 
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Pacemaker tracing telep 
CardioBeeper-PM. 


is 
E 


Normal ECG tracing telephoned with 
CardioBeeper. 

The CardioBeeper system is simple 
to use. Your patient need not undress. 


Or be bothered with paste, gels or straps. 


He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the Cardio Beeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving. 

You can immediately receive the 
telephoned data as a series of audible 
‘beeps” indicating each QRS complex 
or pacemaker spike. To receive a per- 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper® 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper” 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Philadelphia, Pa. 19101 


Survival Technology, Inc 








INTROPIN ‘dopamine HC) 
The only catecholamine 


with this unique 
combination of actions. ` 






Intropin usually turns on: - 
Increased perfusion of vital organs 


Multiclinic trials have demonstrated that Intropin provides 
adequate perfusion of vital organs. This is based upon a number 
of clinical parameters including an increase in urine flow which 
appears to be one of the better diagnostic signs of increased 
vital organ perfusion. 


Increased urine output 


Intropin significantly increases urine flow. This is in contrast to 
most other sympathomimetic amines, which usually cause little 
or no significant increase in urine output. 

This increased urine output is due to increases in glomerular 
filtration rate and renal blood flow and is accompanied by 
increased sodium excretion. Intropin may also increase urine 
flow in patients whose urine output is within normal limits and 
may promote diuresis usually with no decrease in osmolality. 

At doses above those optimal for the individual patient, urine 
flow may decrease, necessitating reduction of dosage. 


Increased cardiac output 


Intropin acts predominantly on the beta receptors of the heart to 
substantially increase contractility, stroke volume and cardiac 
output, as confirmed by invasive technique. 


Increased blood pressure 


Hypotension due to inadequate cardiac output can be managed 
by administration of low to moderate doses of Intropin. Prognosis 
is better in patients whose blood pressure and urine flow have 
not undergone profound deterioration. Therefore, it is suggested 
that the physician administer Intropin as soon as a definite trend 
toward decreased systolic and diastolic pressure becomes 
evident. 





For low cardiac output and hypoperfusion 
in the shock syndrome. 











Intropin usually will not turn on: 
A substantial increase in tachyarrhythmias 


One investigator reported less than a 3% incidence of 
tachyarrhythmias in clinical trials of 270 patients. The 
tachyarrhythmias which occurred were easily managed. 


Excessive myocardial oxygen consumption 
Intropin produces less increase in myocardial oxygen 
consumption than isoproterenol. During administration of 
Intropin, the myocardial oxygen supply/demand ratio has usually 
remained stable. Intropin appears to meet additional myocardial 
oxygen requirements by increasing coronary flow. 


Increased total peripheral resistance 


Administration of Intropin, at low and intermediate dosages, 
generally does not increase total peripheral vascular resistance. 
Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. 


Intropin is indicated for the correction of hemodynamic imbalances in the shock syndrome 
due to: myocardial infarction, trauma, endotoxic septicemia, open heart surgery, renal 
failure and chronic cardiac decompensation as in congestive failure. 

The pharmacological actions of Intropin appear to differ significantly from other 
catecholamines. Over 6 years of clinical trials at more than 30 teaching hospitals have 
shown that Intropin can increase cardiac output, vital organ perfusion and renal flow with a 
low incidence of undesirable effects. 

Patients most likely to respond adequately to Intropin are those in whom urine flow, 
myocardial function and blood pressure have not undergone profound deterioration. 
Multiclinic trials indicate that the shorter the time interval between onset of signs and 
symptoms and initiation of therapy with volume correction and Intropin, the better the 
prognosis. Survival rates are considerably improved when Intropin therapy is initiated 
within 4 hours of onset of symptoms. 

As with all potent drugs, Intropin must be administered under close medical supervision. 
It is administered only by I.V. drip after dilution in a suitable I.V. solution. 


Serious undesirable effects seldom occur 
In multiclinic studies, adverse reactions necessitated 


discontinuation of Intropin therapy in only 11 (296) of 526 patients. 


Before prescribing, see complete product information on the following page. 


=| ARNAR-STONE LABORATORIES, INC. 
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DESCRIPTION: INTROPIN (dopamine HCI) is 3,4-dihydroxyphenethylamine hydro- 
chloride, a naturally-occurring biochemical catecholamine precursor of norepi- 
nephrine. The chemical structure is: 


CH,CH,NH, « HCI 


Mol. Wt. 189.65 





C,H,NO, + HCI 


Dopamine hydrochloride is a white, odorless crystalline powder, freely soluble 
im water and soluble in alcohol. It is sensitive to light, alkalis, iron salts and 
cxidizing agents. 

Each milliliter of sterile, pyroger«free INTROPIN Injection contains 40 mg. of 
dopamine hydrochloride (equivalent to 32.96 mg. of dopamine base) in Water for 
iIn;ection, USP, containing 1% sodium bisulfite as a preservative. 

ACTIONS: INTROPIN exerts an inotropic effect on the myocardium resulting in 
an increased cardiac output. INTROPIN produces less increase in myocardial 
oxygen consumption than isoproterenol and its use is usually not associated with 
a tachyarrhythmia. Clinical studies indicate that INTROPIN usually increases 
systolic and pulse pressure with eifher no effect or a slight increase in diastolic 
pressure. Total peripheral resistance at low aad intermediate therapeutic doses 
is usually unchanged. Blood flow to peripheral vascular beds may decrease while 
mesenteric flow increases. INTROP'N has also been reported to dilate the renal 
vasculature presumptively by activation of a “dopaminergic” receptor. This 
action is accompanied by increases in glomerular filtration rate, renal blood 
fiew, and sodium excretion. An increase in urinary output produced by dopamine 
is usually not associated with a decrease in osmolality of the urine. 
INDICATIONS: INTROPIN is indicated for the correction of hemodynamic im- 
balances present in the shock synérome due to myocardial infarctions, trauma, 
endotoxic septicemia, open heart surgery, renal failure, and chronic cardiac 
cecompensation as in congestive failure. 

Where appropriate, restoration of blood volume with a suitable plasma ex- 
pander or whole blood should be instituted or completed prior to administration 
of INTROPIN. 

Patients most likely to respond adequately to INTROPIN are those in whom 
physiological parameters, such as urine flow, myocardial function, and blood 
pressure, have not undergone profound deterioration. Multiclinic trials indicate 
that the shorter the time interva’ between onset of signs and symptoms and 
initiation of therapy with volumes correcticn and INTROPIN, the better the 
prognosis. 

Poor Perfusion of Vital Organs—Urine fiow appears to be one of the better diag- 
nostic signs by which adequacy of vital organ perfusion can be monitored. 
Nevertheless, the physician shoulc also observe the patient for signs of reversal 
of confusion or comatose condition. Loss of pallor, increase in toe temperature, 
and/or adequacy of nail bed capillary filling may also be used as indices of 
adequate dosage. Clinical studies have shown that when INTROPIN is adminis- 
tered before urine flow has diminished to levels approximately 0.3mi./minute, 
prognosis is more favorable, Nevertheless, in a number of oliguric or anuric 
patients, administration of INTROPIN has resulted in an increase in urine flow 
which in some cases reached normal levels. INTROPIN may also increase urine 
flow in patients whose output is within normal limits and thus may be of value 
án reducing the degree of pre-existing fluid accumulation. It should be noted 
that at doses above those optimal for the individual patient, urine flow may 
decrease, necessitating reduction of dosage. Concurrent administration of 
INTROPIN and diuretic agents may produce an additive or potentiating effect. 
Low Cardiac Output—increased cardiac output is related to INTROPIN's direct 
inotropic effect on the myocardium. Increased cardiac output at low or moder- 
ate doses appears to be related to a favorable prognosis. Increase in cardiac 
output has been associated with either static or decreased systemic vascular 
resistance (SVR). Static or decreased SVR associated with low or moderate 
increments in cardiac output is believed to be a reflection of differential effects 
on specific vascular beds with increased resistance in peripheral beds (e.g. 
femoral) and concomitant decreases in mesenteric and renal vascular beds. 
Redistribution of blood flow parallels these changes so that an increase in 
cardiac output is accompanied by an increase in mesenteric and renal blood 
flow. In many instances the rena! fraction cf the total cardiac output has been 
found to increase. Increase in cardiac output produced by INTROPIN is not 
associated with substantial decreases in systemic vascular resistance as may 
occur with isoproterenol. 

Hypotension—Hypotension due tc inadequate cardiac output can be managed by 
administration of low to moderats doses of INTROPIN, which have little effect on 
SVR. At high therapeutic doses, INTROPIN's alpha adrenergic activity becomes 
more prominent and thus may correct hypotension due to diminished SVR. As in 
the case of other circulatory cecompensetion states, prognosis is better in 
patients whose blood pressure and urine flow have not undergone profound de- 
terioration. Therefore, it is suggested that the physician administer INTROPIN 
as soon as a definite trend toward decreased systolic and diastolic pressure 
becomes evident, 

CONTRAINDICATIONS: INTROPIN should not be used in patients with pheochro- 
mocytoma. 

WARNINGS: INTROPIN should not be administered in the presence of uncorrected 
tachyarrhythmias or ventricular fibrillation. 

Do NOT add INTROPIN to any alkaline diluent solution, since the drug is 
inactivated in alkaline solution. 

Patients who have been treated with monamine oxidase (MAO! inhibitors prior 

to the administration of INTROPIN will require substantially reduced dosage. 
Dopamine is metabolized by MAO, and inhibition of this enzyme prolongs and 
potentiates the effect of INTROPIN. The starting dose in such patients should be 
reduced to at least one-tenth (2/10) of the usual dose. 
Usage in Pregnancy—Animal studies have revealed no evidence of teratogenic 
effects from INTROPIN. In one study, administration of INTROPIN to pregnant 
rats resulted in a decreased survival rate of the newborn and a potential for 
cataract formation in the survivers. The drug may be used in pregnant women 
when, in the judgment of the physician, the expected benefits outweigh the 
potential risk to the fetus. 
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Usage in Children—The safety and efficacy of this drug in children has not been 
established. INTROPIN has been used in a limited number of pediatric patients, 
but such use has been inadequate to fully define proper dosage and limitations 
for use. Further studies are in progress. 
PRECAUTIONS: Prior to treatment with INTROPIN, hypovolemia should be fully 
corrected, if possible, with either whole blood or plasma as indicated. ! 
if a disproportionate rise in the diastolic pressure (i.e. a marked decrease in 
the pulse pressure) is observed in patients receiving INTROPIN, the infusion rate 
should be decreased and the patient observed carefully for further evidence of 
predominant vasoconstrictor activity, unless such an effect is desired. 

Aithough in clinical trials inadvertent subcutaneous infiltration did not pro- 
duce any evidence of necrosis, the usual precautions should be taken to avoid 
extravasation. 2 

Cyclopropane or halogenated hydrocarbon anesthetics increase cardiac au- 
tonemic irritability and therefore may sensitize the myocardium to the action 
of certain intravenously administered catecholamines. This interaction appears 
to be related both to pressor activity and to beta adrenergic stimulating prop- 
erties of these catecholamines. Therefore, as with certain other catecholamines, 
and because of the theoretica! arrhythmogenic potential, INTROPIN should be 
used with EXTREME CAUTION in patients inhaling cyclopropane or halogenated 
hydrocarbon anesthetics. 

Close monitoring of the following indices—urine flow, cardiac output and 
blood pressure—during INTROPIN infusion is necessary as in the case of any 
adrenergic agent. . 

ADVERSE REACTIONS: The most frequent adverse reactions observed in clinical 

evaluation of INTROPIN included ectopic beats, nausea, vomiting, tachycardia, 

anginal pain, palpitation, dyspnea, headache, hypotension, and vasoconstriction. 

Other adverse reactions which have been reported infrequently were aberrant 

conduction, bradycardia, piloerection, widened QRS complex, azotemia, and 

elevated blood pressure. 

DOSAGE AND ADMINISTRATION: 

WARNING: This is a potent drug: It must be diluted before administration to 
patient. 

Suggested Dilution—Transfer contents of one ampui (5 ml. containing 200 mg. 

INTROPIN) by aseptic technique to either a 250 ml. or 500 ml. bottle of one 

of the following sterile intravenous solutions: 

1) Sodium Chloride Injection, US? 5) Dextrose (596) in Lactated Ringer's 

2) Dextrose 5% Injection, USP Solution 

3) Dextrose (5%) and Sodium Chloride 6) Sodium Lactate (1/6 Molar) 

10.996) Injection, USP Injection, USP 
4) 595 Dextrose in 0.45% Sodium 7) Lactated Ringer's Injection, USP 

Chloride Solution 
These dilutions will yield a final concentration for administration as follows: 
250 mi. dilution contains 800 mcg./ml. of INTROPIN 
500 mi. dilution contains 400 mcg./ml. of INTROPIN 

INTROPIN has been found to be stable for a minimum of 24 hours after dilu- 
tion in the sterile intravenous solutions listed above. However, as with all 
intravenous admixtures, dilution should be made just prior to administration. 

Do NOT add INTROPIN Injection to 5% Sodium Bicarbonate or other alkaline 

intravenous solutíons, since the drug is inactivated in alkaline solution. 
Rate of Administration—INTROPIN, after dilution, is administered intravenously 
through a suitable intravenous catheter or needle. An i.v. drip chamber or other 
Suitable metering device is essential for controlling the rate of flow in drops/ 
minute, Each patient must be individually titrated to the desired hemodynamic 
and/or renal response with INTROPIN. In titrating to the desired increase in 
systolic blood pressure, the optimum dosage rate for renal response may be 
exceeded, thus necessitating a reduction in rate after the hemodynamic condi- 
tion is stabilized. 

Administration at rates greater than 50 mcg./kg./min. have safely been used 
in advanced circulatory decompensation states. If unnecessary fluid expansion 
is of concern, adjustment of drug concentration may be preferred over increas- 
irg the flow rate of a less concentrated dilution. 

Suggested Regimen: 

1. When appropriate, increase blood volume with whole blood or plasma until 
central venous pressure is 10 to 15 cm H20 or pulmonary wedge pressure is 
14-18 mm Hg. 

2. Begin administration of diluted solution at doses of 2-5 mcg./kg./minute 
INTROPIN in patients who are likely to respond to modest increments of heart 
ferce and renal perfusion. 

In more seriously ill patients begin administration of diluted solution at doses 
of 5 mcg./kg./minute INTROPIN and increase gradually using 5 to 10 mcg./kg./ 
minute increments up to 20 to 50 mcg./kg./minute as needed. If doses of 
INTROPIN in excess of 50 mcg./kg./minute are required, it is suggested that 
urine output be checked frequently, Should urine flow begin to decrease in the 
absence of hypotension, reduction of INTROPIN dosage should be considered. 
Multiclinic trials have shown that more than 50% of the patients were satis- 
factorily maintained on doses of INTROPIN less than 20 mcg./kg./minute. In 
patients who do not respond to these doses with adequate arterial pressures 
cr urine flow, additional increments of INTROPIN may be employed in an effort 
fo produce an appropriate arterial pressure and central perfusion. 

3, Treatment of al! patients requires constant evaluation of therapy in terms 
of the blood volume, augmentation of myocardial contractility, and distribution 
of peripheral perfusion. Dosage of INTROPIN should be adjusted according to 
the patient's response, with particular attention to diminution of established 
urine flow rate, increasing tachycardia or development of new dysrhythmias 
as indices for decreasing or temporarily suspending the dosage. 

4. As with all potent intravenously administered drugs, care should be taken 
to control the rate of administration so as to avoid inadvertent administration 
of a bolus of drug. 

OVERDOSAGE: in case of accidental overdosage, as evidenced by excessive blood 
pressure elevation, reduce rate of administration or temporarily discontinue 
INTROPIN unti! patient's condition stabilizes. Since INTROPIN's duration of 
action is quite short, no additional remedial measures are usually necessary. 
if these measures fail to stabilize the patient's condition, use of the short- 
acting alpha adrenergic blocking agent, phentolamine, should be considered. 
HOW SUPPLIED: 5 mi. ampuls containing 40 mg. dopamine HCI per milliliter. 


ARNAR-STONE LABORATORIES, INC. 
A Subsidiary of American Hospitai Supply Corporation 
Mount Prospect, Illinois 60056 


Stimulation Technology, Inc. 


introduces the 3821T 
implantable cardiac pacemaker 





produced and distributed 
in the United States under 
license from Devices,Ltd. 
— for more than a decade 
one of the world’s leading 
developers of cardiac 
pacemakers: first with 
hermetically sealed hybrid 
pacemaker circuitry 





Replacement Credit Warranty: Five Years 


— and that tells you how we feel about 
the reliability and longevity of the 3821T 
implantable cardiac pacemaker 
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Implant Duration (Months) 


* These longevity projections are based on 
theoretical calculations for the pulse generator 
battery life only and do not account for 
pacemaker malfunction due to random 
component failure or events which have no 
relationship to time. The results therefore 
may not represent actual pacemaker longevity. 
The above projections are made on the basis 
of chemical capacities, self-discharge rates, 
and current drains measured using standard 
and micro electrodes, and no inhibition. 
Calculations include empirical data and 
extrapolations based upon actual battery life 
experience, projections from improvements 
in the new double separator cell and effects 
of one year pulse generator storage prior 
to implant. 


Caution: U.S. federal law restricts this device 


to sale by or on the order of a physician. 


300025/375 Printed in U.S.A. © 1975 


' length 


specifications: 

73cm 
width 4.7 cm 
thickness 2.3 cm 
weight 130 gm 
basic rate 71 + 4 ppm 
hysteresis rate 60 ppm nominal 
interference rate 105 ppm nominal 
reed switch 


operated rate 105 ppm nominal 


; (Rates given apply to implanted (37° C) 


operation at normal battery voltage; exact rates, 
at room temperature, are shown on 


- registration and information form enclosed 


with each pulse generator.) 


- features of the 3821T 


* unipolar 

* hybrid micro circuit construction 
battery depletion warning circuit 
unique interference handling capability 
hermetically sealed electronics 
small size 

lightweight 


- — Standard Electrode (18 sq. mm.) 
©!" Micro Electrode (8 - 12 sq. mm.) 


STIMI TECH. 


For information and/or service contact: 
Stimulation Technology, Inc. 

9440 Science Center Drive 

Minneapolis, Minnesota 55428 
612/535-0255 Telex: 290347 





JDIES IN HYPERTENSION 


| lyperkinetic Heart in Severe Hypertension: A Separate Clini 
Hemodynamic Entity 


..M. MOHSEN IBRAHIM, MD, FACC A long-term study of established hypertension helped identify 
ROBERT C. TARAZI, MD, FACC defined group of 10 patients who differed both clinically and he 
HARRIET P. DUSTAN, MD, FACC namically from 59 patients with the more frequent form of this di: 

4 ` Their cardiac output was significantly increased (P <0.001) des 
severe elevation of arterial pressure (average 212/125 mm H 
13.5/7.3 [standard error]). All had labile hypertension of long star 
(16.2 years average) that was difficult to control and always sympt 
atic; in all, the diagnosis of pheochromocytoma had to be specifi 
excluded. Increased myocardial contractility was suggested by (1) 
nificant elevation of the rate of rise of isovolumic pressure (P <0 
and (2) high ratio of cardiac output to cardiopulmonary volu 
<0.005). Beta adrenergic blockade with propranolol helped to. 
ate symptoms and to control tachycardia but failed by itself to rec 
arterial pressure. 


Whereas augmented cardiac activity is known to occur in p: 
with mild and borderline essential hypertension,!~° the assoc 
increased cardiac output with severe long-term elevation of 
pressure has not been described. In a previous communicatio 
ported evidence for excessive cardioadrenergic drive in some: 
with established hypertension.* Further study of these and o 
tients suggested that they represented a separate clinical he: 
namic group. We therefore report here in greater detail their c 
teristics together with results of studies of autonomie ner 
tion and possible factors regulating cardiac output. Their 
therapy and incidence of complications during a long follo 

od are also described. 


| Methods 
Clinical Studies : 


Ten patients were studied; some of the data on eight were. re] 
viously.* Since this investigation was limited to patients with essent 
tension, one case, reported in our early study, was not included her 

idem n the patient had mild proteinuria and kidney biopsy revealed membr: 
From the Research Division and the Depart- liferative glomerulonephritis. All patients had complete clinical an 
ment of Hypertension and Nephrology, the tory evaluation including creatinine clearance studies and ren. 
veland Clinic Foundation and the Cleveland phy. Ocular fundi were graded according to the Keith- Wagener-Ba 
Clinic Educational Foundation, Cleveland, Ohio. sification. Electrocardiographic signs of left ventricular hypertroph 
is ! scribed as either definite or probable. Definite signs were one or 
35 from the National Heart and Lung institute, following: R wave in lead aVL greater than 11 mm," S wave in leac 
tional Institutes of Health, Parean, pegs or greater or sum of the tallest and deepest precordial 
sec Vasen eevee Sata "0 ceeding 45 mm.’ 7 The first. two criteria were reported to 
tives®; for the third criterion, false positives were report 
s for reprints: Ro rl C. Tarazi, MD, cent.? When the sum of S in lead V; and R in lead Vs 
i inic, 9500 Euclid = mm,” left ventricular hypertrophy was: diagnosed _ as “p 
| rom ee pheochro Beto $ and thyroid function were © perforine 
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Keith-Wagener-Barker classification. 
== definite; + = probable; 0= absent. 
SA = body surface area; LS8 = 
fandard error. 


y aldosteronism were used when indicated. In all pa- 
s, antihypertensive therapy was discontinued for at 
1: month before hospitalization. Although the patients 
hospitalized, they were not restricted in diet or activi- 
he severity of hypertension was indicated by the level 
terial pressure measured in the hospital or the devel- 
ment of cerebrovascular complications; i in all patients di- 
pressures measured in the office were consistently 
er than 110 mm Hg. 

ation of hypertension was documented as closely 


Vospitalizations, rejections for military service or life 
nce and by contact with the family physician when 


junction of the superior vena cava and right 
the ascending aorta: Cardiac output was de- 
ast in triplicate using indocyanine green dye 
ced into a transparent tube connected to the 
er and then flushed as rapidly as possible into 
with 5 to 16 mi of saline solution. Dye-dilu- 

ere ed $ the usual methods as pre- 





30 Yes 150/100 i 0 Base TC 
33 No 155/100 130/90 to 196/124 H + i LSB E 
39 Yes 142/91 126/86 to 178/110 0 0 0 0 0 
19 Yes 210/130 140/108 to 290/140 H + 0 0 + 
22 Yes 187/126 160/110 to 250/160 1 + i Mitral + 
24 Yes 145/97 130/87 to 240/140 l 0 0 . 0 0 
48 Yes 184/104 150/100 to 220/120 u + LH Base + 
39 ? 220/143 150/104 to 240/162 { + 0 0 0 
20 Yes 139/95 124/86 to 172/120 l 0 | LSB 0 
30 No 195/129 142/96 to 236/150 H + 0 0 E 
1.99: 15.2 30.4 173/112 138/95 to 220/134 








3.8/30 to 12.1/5.9 
























left sternal border; LVH on ECG = electrocardiographic evidence of left ventricular hypertrophy; SE 


measured using Statham P23DB transducers. Derived vari- 
ables—total peripheral resistance, stroke volume and mean . 
rate of left ventricular ejection—were calculated by the 
usual methods. In three patients (Cases 1, 9 and 10) minute 
oxygen consumption was measured at the time of hemody- . 
namic study; expired air was collected in 120-L Douglas air 
bags and contents were analyzed by Beckman oxygen ana- © 
lyzer; results were corrected for standard temperature and 
pressure. 

Results of cardiac output measurements were compared ©. 
with those in two previously described control groups, one^ 
of 29 normotensive subjects and one of 59 patients with 
fixed essential hypertension. Values for cardiopulmonary . 
volume were compared with measurements in nine normal 
volunteers previously described.!? 


Plasma and Total Blood Volume 


Plasma volume was determined in the morning after an. 
overnight fast and after the patient had been allowed to ` 
rest in the supine position for at least 30 to 45 minutes. It 
was computed directly by the Volemetron® from plasma" ; 
samples obtained 10 minutes after injection of iodine-131, | 
5 aCi, or iodine-125, 2.5 „Ci. Total blood volume was calcu- 
lated from the plasma volume and venous hematocrit; the 
latter was determined. by capillary microcentrifugation Tes 
from four samples of blood drawn without stasis, and ap- 
propriate correction factors were used for the differences |. 
between large vessel and. total body hematocrit? The — 
method and calculations, as well as normal values for labo- 
ratory, have. previously been described in detail Volume 
determinations were usually performed just before the he- 
modynamic studies or, occasionally, the day before under 
exactly the same conditions. Results were expressed as per- 
cent of normal to: allow for sex t differences," In 9 of the 10 































| nine » patients systolic time intervals were determined 
'om simultaneous recordings (100 mm/sec) of the external 
carotid arterial pulse, phonocardiogram and electrocardio- 
gram!5; these measurements were obtained either at the 
ime time as the hemodynamic study or occasionally the 
ay before. The following intervals were measured from at 
least 10 complexes, as previously described: total electro- 
mechanical systole (Q-Ag), left ventricular ejection time 
LVET), preejection period (PEP) and isovolumic contrac- 
tion period (IVCP). Results were compared with values ob- 
tained from 17 normotensive subjects, and corrections for 
heart rate calculated according to the equations of Weissler 
et al. 


“Tests of Autonomic Nervous Activity 


Tests of autonomic nervous activity were obtained dur- 
ing the hemodynamic study with continuous intraarterial 
ressure recording; the Valsalva maneuver was performed 
in duplicate by blowing a mercury column to 40 mm Hg 
‘and maintaining it at that level for about 10 seconds. The 
‘diastolic pressure overshoot following Valsalva maneuver 
"was expressed both as percent increase over control levels 
and as a fraction of the reduction in pulse pressure ob- 
tained during straining." Results were compared with 
those in a closely matched group of patients with fixed es- 
‘sential hypertension and a group of normal subjects.!? Cold 
pressor test was performed by immersing the patient’s 
'hand.to the wrist in ice cold water for 1 minute. Changes in 
"arterial pressure were compared with previously reported 
results in normal subjects and in patients with essential hy- 
ertension.!? 

‘Isoproterenol was infused in five patients at sequentially 
reasing rates (0.01, 0.02 and 0.03 ug/kg per min). Effect 
the “0.03 ug" dose level upon heart rate was compared 
th its effect in 31 patients with essential hypertension 

nd in normal subjects.!? 


; Results 
linical Features 


Table I summarizes the important clinical charac- 
eristics of the patients studied. Common features 
ere the early age of onset and the long duration of 
hypertension. Seven patients had a family history of 
ncreased arterial pressure. Symptoms of anxiety 
(“feel nervous," “worrying a lot," “have fear epi- 
odes") were the main complaints. Cardiac aware- 
ess, rapid heart rate, flushing, pallor, sweating, 
headaches and dizzy spells were present in different 
combinations in all patients. Flushing of the neck 
-and upper part of the chest when nervous, manifest- 
-ed by erythematous patches (diencephalic flush), was 
a common finding. 
— Marked lability of hypertension ranging from al- 
“most normal levels of 124/86 to alarming degrees of 
-800/160 mm Hg during ambulation was characteris- 
< tic. This gross variability of arterial pressure, in addi- 
tion to the symptoms mentioned, raised the possibili- 
ty of pheochromocytoma in all patients. All were 
. carefully studied for that possibility at some stage of 
heir disease; in some, these studies were repeated 
o or three times to rule out this diagnosis. In pa- 
ts whose arterial pressurer records could be traced 


l to an cady. stage, the i im 


vere elevation of a, 


sive than the usual office read gs. 
changes in ocular fundi were present in- 
patient, who had normal eyegrounds. 

had cardiac systolic murmurs (Table | 
orous peripheral and carotid arterial pu. 
cardiographic signs of left ventricular | 
were definitely present in two patients. and 
ble" in three more. 


Follow-Up 


In two patients (Cases 5 and 9) symptom 
sient cerebral ischemic attacks developed d 
course of the disease. One (Case 3) had a th 
stroke and made a good recovery; cervical ang 
revealed 90 percent stenosis of the origin of 
vertebral artery and a small plaque at the oi 
the left internal carotid artery. In one pati: 
1) the electrocardiographic pattern chang 
normal to one of definite left ventricular hyp 
over a period of 8 years. 


Effect of Treatment 


Different types of treatment, including ad 
tion of sedatives and tranquilizers, diureti 
propranolol, alpha-methyldopa, hydralaz 
ethidine and reserpine, were used in variot 
nations and their effects were evaluated oi 
of home and office arterial pressure read: 
pressure was difficult to control, espec 
judged from office readings; only two patie 
astolic levels below 100 mm Hg in follow-i 
the others, office-determined pressure 
aged 179/120 mm Hg (range 134/102 tc 
However, home blood pressure readings, av. 
six patients, were substantially lower, ; 
141/91 mm Hg (range 130/80 to 155/98). N 
cally effective antihypertensive drug could 
fied. Although propranolol helped to elimin: 
cardia and many symptoms in most (8 o 
tients, its effect on arterial pressure was n 
aging when used alone. Doses of up to 3 
mg/day were used in some patients without 
tory control of hypertension. Of particula 
was the persistence of tachycardia or abs 
bradycardia despite apparently effective beta 
ergic blockade. One patient (Case 10) pers 
had an office-measured heart rate of 136 bea 

spite of a regimen of 320 mg/day of proprano 
ing a subsequent hemodynamic study an inf 
isoproterenol (0.03 ug/kg per min) produced e 
beta blockade with an average heart rate of 9 
min. 


Hemodynamic Studies (Table Il) E 
Arterial pressures at the time of studies 


tween 152/93 and 264/168 mm Hg (mean 2 
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+ 1.8 x7 x77 +10 + 0.8 E37 BOF 0.22 eS b GELD. 
: » 195/111 139 109 3737 35 38 130 -580 6.44 114 119 ..21. 4. p 
152/93 12 106 3955 37 28 147 626. 6.32 66 65.. 
i 216/116 : 17349 89 2377 27 63 87 404 5.88 87 83 19.6 
a 261/146 185 124 4563 37 4l 193 712: 6.41 73 75 30.6 
264/ 168 ; 200 65 3041 47 66 160 687 4.43 96 92 26.6 
65/13  :. 130 74 3337 45 39 152 112 107 
< 244/136 0172 87 3192 37 54 132 105 95 
229/126 159 118 4644 39 34 181 124 123 be 
155/101 119 80 3648 46 33 179 101 102 ds 
; Bene 176 93 3480 37 50 167 11 112 ud 
age 202/05 156 95 3597 39 45 153 602 5.90 99.5 97.3 25.6 
v. 13.5/7.3 3.3 6.1 217 1.9 4.1 9.8 54.6 0.38 5.6 6.0 2.2 




















Mean zs standard error. 
BP = 


f normal); TPR = total peripheral resistance (units per m?). 


rate varied widely among patients, 65 to 124 
nin, but because it was rapid in most, the aver- 
| + 6.1 beats/min (mean + standard error)— 
igher than in normal subjects (P «0.001) or 
pertensive patients (75 + 1.6, P <0.005). 
ndex was elevated, 3,597 + 217 ml/min per 
d. Total peripheral resistance ranged 













m an rate of left iie ejection was within 
y , 153 + 9. 8 ml/sec per m?. Figure 2 compares 





t 103007. 400 5.00 
ADIAC INDEX (L/min/m*). 


Ox. and mean arterial pressure (MAP) 


so variables in 10 patients with hy- iu 


blood pressure (mm Hg); Cl = cardiac index (ml/min per m?); CO = cardiac output; CPV = cardiopulmonary volume (mi/m?); 
eart rate (beats/min); MAP = mean arterial pressure (mm Hg); MRLVE = mean rate of left ventricular ejection (ml/sec per 
Fes normal; PV = plasma volume (% of normal); SE = standard error; SI = stroke index (ml/m?); TBV = total blood volume 
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FIGURE 2. Hemodynamic. characteristics of hyperkinetic essential. 


hypertension. Both mean arterial pressure (MAP) and cardiac index - 
(Cl) were significantly higher in the hypertensive patients with. hyper- 
kinetic circulation than in the 59 patients with fixed éssential hyper-: 
tension; data for the latter were derived from a previous study from 
this. Bao. 3 FEH and HEH = fixed and hyperkinetic essential hy- — 
tensi p normal values tor Hbormor: TPR = = = total: peripheral H 











ma m 


: PEP/  DBP/IVCP 
IVCP LVEF. LVET (mm Hg/sec) 





405 0.355 2116 
+:3.9 0.014 +78 
425 0.373 4538 
449 0.267 5714 
418 0.333 5684 
402 0.441 4531 
397 0.398 3491 
435 0.359 2619 
399 0.442 2762 
360 0.312 6200 
408 0.403 2083 
409 0.372 4113 
8 0.019 460 


 DBP/IVCP = rate of rise of isovolumic pressure; IVCP = iso- 
jolumic contraction period; LVET = left ventricular ejection 
"time; EVET, = left ventricular ejection time corrected for heart 
tet; N= normal for laboratory (mean = standard error); PEP 

= preejection period. 


ie hemodynamic findings in patients with hyper- 
metic essential hypertension and those in 59 pa- 
ts with established essential hypertension. The 
yperkinetic group had a higher level of mean arteri- 
pressure (P «0.005) and cardiac output (P «0.001) 
than patients with fixed essential hypertension. 
otal peripheral resistance was more elevated in the 
tter group, but the difference was not significant. 
otal. body oxygen consumption was within normal 
mits in the three patients studied. 
Changes in total blood and cardiopulmonary 
volumes: Average values for total blood, plasma and 
diopulmonary volumes were within normal limits; 
vever, there were significant individual differences 
"able II). Four patients were hypervolemic (Cases 1, 
and 10), three oligemic (Cases 2, 3 and 4) and the 
maining three had inappropriately normal intra- 
'ascular volume.'4 Cardiopulmonary volume was ei- 
ther normal, reduced or augmented; however, when 
the value was expressed in relation to total blood vol- 
ume (CPV/TBV), the ratio was increased or normal. 
he mean value was higher than normal (25.6 + 2.2), 
but differences were not statistically significant. On 
the other hand, the ratio cardiac output/cardiopul- 
monary volume, an index of cardiac performance,!? 
was significantly increased to 5.90 + 0.38 from the 
normal value of 4.36 + 0.22 (P «0.005) (Fig. 3). 
Systolic time intervals (Table IIT): Although the 
average values for the duration of preejection period 
(PEP), isovolumic contraction period (IVCP), cor- 
rected left ventricular ejection time (LVET.;) and 
P/LVET were not different from normal, in five 
- patients (Cases 1, 2, 3, 4 and 8) the preejection and 
olumic contraction periods were actually short- 


in spite of high levels of arterial pressure. The. 
of rise of isovolumic pressure (DBP/IVCP ratio), - 


| asurement. corresponding to maximal intraven- 





Valsalva maneuver 
% increase in dia- 
stolic BP (over- 
shoot) 
Valsalva index 
(% increase in dia- 
stolic BP/% de- 
crease in PP) 
Cold pressor test 
% increase in dia- 
stolic BP 
lsoproterenol (0.63 
ug/kg per min) 
Increase in HR 
(beats/min) 
% increase in HR 


* The only significant difference was found in. Vals 
for the two hypertensive groups (P <0.0land P «0. 001, es 
tively) as compared with normal subjects. : 

+ Results derived from Frohlich et al.¥ 

1 Results derived from George et al.!? 

BP = blood pressure; HR = heart rate;.no. 7 no.0 
studied; PP — pulse pressure. 


CPV/TBV 








FIGURE 3. een volume (CPV) in hyperkine ic hy 
sion. There was no significant difference between the distribu 
intravascular volume expressed as the ratio of 'cardiopul 
total blood volume (CPV/TBV) in patients with hyperkinetic 
essential hypertension. However, the ratio. of cardiac outpt 
diopulmonary volume (CO/CPV), which is an index of cardia: 
mance, '? was significantly higher in patients with reer 
tension (P <0.005). Abbreviations as in Figure 2. 


tricular rate of pressure rise (dP/dt), 20 was | 
cantly elevated (P <0.001). 


Tests of Autonomic Nervous Activity (Table Ww) 


No significant differences were found betwe 
two hypertensive groups either in the diastoli 
sure overshoot (percent diastolic pressure 
over the control pressure) or in the V: 
However, when compared with normal 


. groups had significantly lower. Valsalv | 
. «0.025 for hyperkinptic a and. P <0. 05 for puede e 


































































onse in. control shee However, statistical 
sis was difficult. because of the limited data. Re- 
onses of heart rate to isoproterenol infusion were 
different from those of other hypertensive pa- 
ts or normal subjects. 
Levels 
eripheral plasma renin levels, determined in nine 
ents, ranged from undetectable to definitely ele- 
ed. Compared with normal values for our labora- 
ry (average 1.2 ng/ml, range 0.4 to 2.7 in patients 
nsuming an unrestricted hospital diet), plasma 
n activity was low in two patients (undetectable 
ise 9 and 0.12 ng/ml i in Case 3). It was within 
al limits in five, ranging from 1.0 in Case 8 to 2.3 
Case 10; however, four of these patients (Cases 1, 
8 and 10) were definitely hypervolemic (Table I) 
d their. renin levels, aithough within the normal 
nge, could be considered elevated for the degree of 
ervolemia. 15 Two patients had definitely elevated 
asma renin activity: 3.0 ng/ml in Case 7 and 6.7 in 
2 5. The two patients with low renin levels had a 
wer blood pressure than the others, but there was 
herwise no evident correlation between pressure 
ls and renin activity. 





Discussion 
resence of a hyperkinetic heart and increased 
output has been described in early borderline 
ension!? and in normotensive subjects with 
yerkinetic heart syndrome.” Patients with se- 
long-standing hypertension had either a normal 
educed cardiac output.?! In this study the combi- 
yn of hyperkinetic heart and chronic severe ele- 
f arterial pressure identified a separate group 
ertensive patients who had common clinical 
d physiologic characteristics. 
Hypertension i in this group was difficult to control 
was always symptomatic. Complaints of anxiety, 
ual cardiac awareness, excessive perspiration 
and skin flushing were present in all. Variability of 
rial pressure was a constant feature to the extent 
heochromocytoma was the provisional diagno- 
all patients. Systolic cardiac murmurs were 
nmon, and most subjects had sinus tachycardia. 
modynamic studies and measurements of sys- 
me intervals indicated that increased cardiac 
was associated with augmented myocardial 
tility. The rate of rise of isovolumic pressure 
VCP), which corresponds to maximal intra- 
lar rate of pressure rise (dP/dt),?° was elevat- 
ght of nine patients. The preejection period 
volumic contraction period were shortened in 
ients in spite of the severity of hypertension. 
ments of cardiopulmonary volume provided 
onal evidence ef enhanced cardiac performance 
menting a high ratio between cardiac output 
ulmonary volume? 
rast tc petendi patients with ee 











output. and symptoms of c 


. to stress, Which are normally protective and Adaptive, 











ari awareness, re- . 
sponses to isoproterenol infusion in our group provid- 





ed no evidence of beta receptor hypersensitivity. Fur- ^ . : 


ther, the patients described here had a much higher 


arterial pressure than most of those with a “hyperbe- ae 


ta state.” Arterial pressure responses to cold were 


within normal limits, and the diastolic pressure re- Pie 


sponse to the Valsalva maneuver was low in both hy- <. 
pertensive groups, possibly a reflection of the differ- ` 
ence in age from normal control subjects?? (mean age 
of normal subjects 35 years). 

Hemodynamic characteristics: The hemody. 
namic pattern in these patients with chronic hyper- 
tension was at variance with the usual theories re- 
garding essential hypertension. The prevailing con- 
cept, repeatedly suggested from many laborato- 
ries,2!,24.25 js a change in the hemodynamic pattern as 
the years go by, from one of increased flow and nor- 
mal resistance in the early phase to one of reduced 
flow and increased resistance in later and more ad- 
vanced phases. Patients with labile, borderline hy- 
pertension, when followed up for a long time, tended 
to have reduced cardiac output.?^ Unfortunately, we 
do not know the hemodynamic characteristics of our ~ 
10 patients when hypertension first developed; how- 
ever, their high level of output 10 to 20 years after - 
the onset of hypertension suggests that they formed a 
separate hemodynamic entity. The increase in cardi- 
ac output was particularly impressive in view of the 
highly increased blood pressure. Cardiac output was 
determined in two patients during a spontaneous hy- . 
pertensive episode; in one, the increase in pressure 
was accompanied by an increase in output, but in the 
other it was associated with an increase in resistance, 
so that no firm conclusions could be reached regard- 
ing the fluctuations in blood pressure. However, the 
lack of correlation of pressure with output (Fig. 1) | 
suggests that, as in other forms of secondary hyper- 
tension with similar hemodynamic characteristics,?9 
peripheral resistance was more important than cardi- 
ac output. 

Role of anxiety: Anxiety, although difficult to 
quantitate, undoubtedly played an important role in 


many of the patients’ symptoms. However, its rela- MER 


tion to increased cardiac output and pressure was not 
clear. When measured, oxygen consumption was nor- 


mal rather than elevated, as would be expected with rid 


anxiety.? Furthermore, sedatives and tranquilizers de 
failed to reduce arterial pressure or alleviate subjec- — 
tive complaints. Nevertheless, if anxiety were the 


only cause of the elevated cardiac output, this hemo- n 


dynamic pattern would still represent a different re- 


sponse to the stress of the test from that seen in - 


subjects with a normal cardiac index. De Quattro?8 
described autonomic hyperactivity, hypertension. and 
excessive norepinephrine excretion in four patients 
without pheochromocytoma and related his findings 
to unidentified forms of stress. Physiologic responses 








si dies Aati Thai the increased heart action in 
is group was the result of increased adrenergic ac- 
vity.! This cardiac factor alone could not explain 
the high cardiac output, because without increased 
nous filling, maximal sympathetic cardiac stimula- 
tion can increase cardiac output only slightly.?? Our 
data indicated that increased myocardial contractili- 
ty and central redistribution were both responsible 
for augmentation of cardiac output. However, the im- 
-. portance of the role played by each varied in the indi- 
vidual patient. Two patients manifested a dissocia- 
“tion between cardiac output and myocardial contrac- 
tility. In Patient 3, contractility was increased, as evi- 
© denced by the elevated DBP/IVCP ratio, shortened 
^. preejection and isovolumic contraction periods and 
.. the high ratio between cardiac output and cardiopul- 
monary volume with a low cardiac output. In Patient 
' 9, cardiac output was increased in the presence of 
normal contractility. This dissociation has been de- 
scribed before.?? 
Other cardiogenic factors: The close association 
f augmented cardiac activity and increased arterial 
pressure suggested that the heart might be involved 
n the genesis and maintenance of systemic hyperten- 
‘sion in these patients. Because of increased peripher- 
al resistance, mechanisms other than simple increase 
in cardiac output have still to be investigated. A neu- 
roendocrine function of the heart has been de- 
~ scribed.?! An increase in systemic pressure due to lib- 
eration of excessive amounts of cardiac norepineph- 
rine followed isolated cardiac sympathetic stimula- 
tion.?! Spinal sympathetic reflexes arising from the 


heart were responsi 

sure in spinal experimer 
Liard et a133 were able to ii 

sion by stellate. ganglion- stimu 


3 


dogs; the increase in pressure was mainta 
- duration of stimulation and could not b 
by administration of propranolol. 

Clinical implications: The identificat 
type of hypertension raised important pro 
therapeutic questions. Our initial impr 


the small original series. Marked lability « 

of hypertension and the occasional recording 
tively low values should not obscure its seri 
indicated by the high incidence of cerebri 
complications. 

The presence of increased heart rate and aug 
ed cardiac activity was an important stimulus 
beta adrenergic blockade. However, the res 
arterial pressure to propranolol alone was disa 
ing. This finding should not necessarily 
the hypothesis of a cardiac factor since beta 
gic blocking agents reduce arterial pressur 
anisms other than simple changes in. cardi 
put.34 Furthermore, complete abolition 
thetic impulses to the heart diminishes t. 
of ventricular contraction by only 10 to 20 5 
Despite the failure of propranolol as sole 
agent, the drug was a required part of the 
tensive regimen. Cardiac decompensation 
occur with its use in any of these patients; th 
of heart failure due to beta adrenergic 
hypertension has already been noted in mi 
reports.34:36,37 
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The echocardiographic diagnosis of mitral stenosis is based 
finding of a decreased early diastolic slope of the anterior mit 
let. This finding is also seen in other conditions in which the r. 
ventricular filling is reduced by decreased compliance of the v 
lar myocardium rather than by mitral valve obstruction. Pati 
“true” mitral stenosis have been differentiated from thos 
creased ventricular compliance resulting in “false” mitral 


port describes a patient with mitral stenosis proved at c 
terization whose echocardiogram showed posterior motio 
ened posterior mitral leaflet during diastole, a finding previ 
sidered to exclude organic mitral stenosis. This false nega! 
cardiographic finding in proved mitral stenosis has not pre 


reported. 


The echocardiographic diagnosis of mitral stenosis is mad 
a reduced rate of anterior mitral leaflet closure after ra) 
early diastole.! Other conditions not associated with mi 
may also produce a reduced diastolic slope of the ant 
valve. The term “false” mitral stenosis has been applie 
tion. It has been suggested recently that these patients w 
tral stenosis could be distinguished from those with true. 
sis by the direction of movement of the posterior mitral v 
In patients with true mitral stenosis, the posterior lez 
the same direction as the anterior leaflet. In patients 
stenosis the diastolic slope of the anterior mitral leafle 
but the motion of the posterior leaflet is in a direction 
that of the anterior leaflet, as in normal mitral valve moti 
This report concerns the echocardiographic findings i 
with proved mitral stenosis whose posterior mitral valve | 


- tion was opposite to the motion of the anterior leaflet. T 


has not been reported previously in a patient with docume: 
stenosis. i 


Case Report 


An 18 year old youth had a childhood history of frequent respirat: 
tions (“bronchitis”) without a definite history of acute rheumatic 
was otherwise healthy with normal growth and exercise tolera 
years a brief episode of aching of the legs was followed 2 week: 
acute onset of abdominal pain, for which an appendectomy was 
cardiac murmur detected by the surgeon during that hospital a 
not previously been noted in spite of multiple physical exami: 
child’s private physician, including three during the preceding. 


the boy was referred to The Johns Hopkins Hospital cardiac « 


typical auscultatory findings of mitral stenosis were noted, H 


consultation by Dr. Milton Markowitz, who believed that the 


matic heart disease with mild or even absent joint manifestati 


... that the episode of abdominal pain could have been a manifestatio 








S first ne in anuary 
: ) vears old. Transseptal catheter- 
the left. aiam was carried out, and a mean mi- 
















ealed an enlarged" chamber and a dome- beber flexible 
i valve. Left ventriculography’ revealed no significant 


n utilizing püncturé of the interatrial septum, 
ted a mean mitral valve gradient of 9 mm Hg 
ral valve area of 1.3 em?. In the levophase of a 
monary arteriogram, the mitral valve was again 
ed and was seen to be mobile and thick with the ap- 


ainar ; The left ventricu- 
logram revealed mild mitral: incompetence and slight ven- 


tricular enlargement. The patient's symptoms of easy fati- . 


gability and breathlessness, the physical findings and the 
chest roentgenogram. had remained stable from 1966 to the 
present. . 

Echocardiographic studies were performed for the first 
time in 1974 utilizing a Smith-Kline 20A ultrasonoscope. 
Recordings of echocardiograms and phonocardiograms 
were made on a Cambridge photographie recorder. Stan- 
dard techniques were employed to record the mitral valve, .. 
aortic root and left and right ventricular chamber echoes, A 
phonocardiogram with simultaneous carotid pulse tracing 
and apex cardiogram was also recorded. 

Figure 1 shows the echogram of the anterior and posteri- 
or mitral valve leaflets. The anterior leaflet manifests 






FIGURE 1. Echocardiogram demonstrating anterior 


standard lead ll electrocardiogram. 










and posterior mitral valve leaflets (see text). Below, . 


FIGURE 2. Echocardiogram, scan- 
. ning from aortic root to the body of 
the left ventricular cavity (LV) show- 
ing: anterior mitral valve leaflet (AML) 





caer Fig. 


n of 13 mm. The. posterior mitral valve leaflet is 
iy visualized and moves in a direction opposite to that 
»e anterior leaflet. Figure 2 shows a scan from the aortic 
root to the body of the left ventricular cavity. This demon- was recorded at the. apex. An xe systoli 
s an enlarged left atrium (4.6 cm), and normal aortic corded at the pulmonary area and at the apex, 
and aortic valve with normal mitral-aortic continuity. peared as a continuation of the presystolic mur 
s left ventricular cavity is slightly dilated (end-diastolic well before the second heart sound. The car 
ension, 5.6 cm), but just above this cavity there is nor- tour was normal. 
systolic motion of the anterior mitral leaflet. Whenever Discussion 
t is visualized, the posterior leaflet moves in a direction NC 
opposite to that of the anterior leaflet. The right ventricu- The cardinal echocardiographic featu: 
lar cavity was normal (end-diastolic dimension 2.1 cm). stenosis is a reduced rate of closure o 
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FIGURE 3. Phonocardiogram record- 

ed at the pulmonary area (PA) and 

left ventricular. apical. area 

“carotid pulse. tracing and 

ird lead fl electrocardiogram. 1 

x first. and second heart 

Sounds, respectively; A and P = aor- 

1d pulmonary components, re- 

ively, of second heart sound; 

= mid-diastolic murmur; OS = 

ing snap; PSM = presystolic 
rmur; SM systolic murmur. 


IURE 4. Echocardiogram from an- 
ther. patient. with. mitral: stenosis, 
from the aortic (AO) root to 

mitral valve and showing typical 

: c abnormality {see 








le.! Recent studies 
so. seen in a variety 






















































iyper Medus subacti stenosis and sys- 
and pulmonary hypertension.^*-9 Duchak et 
orted that "true" mitral stenosis can be dis- 
shed from these other causes of a reduced dia- 
olic closure rate by abserving the echocardiographic 
ion of the posterior mitral leaflet. In true mitral 
sis the motion of the posterior leaflet is parallel 
that of the anterior leaflet in diastole. In “false” 
ral stenosis the anterior and posterior leaflets 
)ve in opposite directions, as in the normal situa- 








Our patient is the first with proved mitral stenosis 
1died in our laboratory to manifest parallel anteri- 
"and posterior mitral leaflet motion in the echocar- 
liogram. "The confirmation of significant mitral valve 
)bstruction by cardiac catheterization permits us to 
nclude that anterior diastolic motion of the poste- 
ior mitral valve leaflet is not invariably found in true 
al stenosis and that therefore the latter cannot 
e excluded if the posterior leaflet moves in a posteri- 
r direction. We have not yet seen a case in which 
motion of both leaflets had a cause other 
ic mitral stenosis. 

rigin of this patient's valvular lesion remains 
ive. We cannot exclude the possibility that 
s a form of congenital mitral stenosis. However, 
eumatic origin seems more likely for the fol- 
sons: (1) The patient had been examined 
cians in early childhood and no cardiac mur- 
had been described; (2) Dr. Milton Markowitz, 
hority on manifestations of rheumatic heart 
ease in children, examined the patient several 
es between 1963 and 1968 and felt confident that 
tient had rheumatic heart disease; (3) the joint 
es and episode of abdominal pain may have been 
Aan festations of acute rheumatic fever; (4) the 
ngiographic appearance of the valve was typical 
eumatic mitral stenosis; and (5) the develop- 
of itral regurgitation also favors a rheumatic 





anism of abnormal valve motion in mitral 
enosis: The mechanism for the apparent parallel 


-h Gustafson A: Ultrasonic cardiogram in mitral stenosis. 
Med Scand 159:85-93, 1957 
chak JM Jr, Chang S, Feigenbaum H: The posterior mitral 
valve echo and echocardiographic diagnesis of mitral stenosis. 
J Cardiol 29:628-632, 1972 
owitz- M, Kuttner A: Rheumatic Fever. Diagnosis, Manage- 
nt, and Prevention. WB Saunders, Philadelphia & London, 
94. 
' A, Nasser WK, Feigenbaum: H: Study of mitral valve action 
led by reflected ultrasound and its application in the diagno- 





— movement of t 


nitr lenosis | is un-- 
; the similarity. be- 








certain. Chakorn et 


tween the motion patterns of the; anterior valve leaf- - = t 


let and the valvular ring, suggested that it is the mi- 
tral valve ring rather than the posterior leaflet that is 
seen moving parallel to the anterior leaflet. In chron- - 
ic rheumatic mitral stenosis, the valvular ring and 


posterior leaflet are often tightly fused and therefore z 


both would be likely to contribute to the echoes that 
appear to move parallel to and are poster to. the 
anterior leaflet. 5 
Cineangiographic studies of mitral valve riotion i in: 
rheumatic mitral stenosis have shown that the entire 
mitral apparatus moves as a single unit as a result of. 
fibrosis and commissural fusion. The combined mo- 
tion of anterior and posterior leaflets and mitral 
valve ring resembles that of a piston descending into 
the ventricle in an anterior direction during diastole 
and may account for the parallel anterior motion of 
these structures observed by the echocardiographic 
technique. The uniformity of mitral apparatus mo- 
tion in this condition is illustrated in Figure 4, which 
is a scan obtained from another patient with mitral 
stenosis. Here the typical mitral vaive motion abnor- 
mality is observed in anterior and posterior leaflets 
that move parallel to each other in diastole. A similar 


motion pattern can be seen in the anterior mitral ring Pei 
echo as the ultrasonic beam is directed superiorly, 


and even is observed to occur in the posterior aortic 
roct. In this patient, as in many with mitral stenosis, 
a parallel motion pattern of all mitral apparatus 
structures is observed. In our patient opposite mo- 
tion of the anterior and posterior leaflets could clear- 
ly be demonstrated. It is possible that a mobile mitral 
valve with incomplete commissural fusion could pro- . 
duce significant valvular obstruction yet still offer 


some independent posterior motion of the posterior — S 


leaflet. 

In conclusion, (1) The diagnosis of mitral stenosis: 
cannot be excluded if the posterior leaflet moves in a 
posterior direction during diastole; and (2) “true” 
and “false” mitral stenosis may still be distinguished - 
echocardiographically by considering other informa- 
tion obtained from the mitral valve echogram, in- 
cluding the thickness of the leaflets and the move- 
ment of the valve with atrial systole. 
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The effects of surgically created tricuspid insufficien 
ventricular dimension and the motion of the intervent 
were determined by serial echocardiography in a patie 
dynamically normal heart who underwent tricuspid va 
later tricuspid valve replacement for medically intractable 
docarditis. Initially, both the right ventricular dimension (1 
motion of the interventricular septum were normal. After 
interventricular septal motion became distinctly paradoxic. 
A, later pattern B), and the right ventricular dimension progr 
creased to 3.5 cm. After successful tricuspid valve replace f 
ventricular septal motion promptly returned toward norma 
right ventricular dimension (2.2 cm). The rapid change 
cardiographic variables with creation and relief of acute r 
lar volume overload correspond well with results of pre 
experimental animals but differ from findings in man witl 
ventricular volume overload. 


Abnormal motion of the interventricular septum and inc 
ventricular dimension are accepted as the echo 
hallmarks of right ventricular volume overload, regardless. 
These findings have been amply documented in patients s 
to right shunt at the atrial level'-9 and would be expected 
with isolated tricuspid insufficiency. Patients with tricuspi 
ciency have been described, but in all of the reported 
ciency was secondary to right ventricular dilatation due ' 
hypertension.? Our recent experience with a young, oth: 
patient who required surgical excision of the tricuspid 

of bacteriologic failure of medical therapy for infective 
afforded the unique opportunity to study the lesion of t cu 
sufficiency in true isolation. 


Case Report 


A 25 year old white male heroin user without prior history of car 
was well until 6 weeks before admission when he began to exp 
gressive chest pain of the pleuritic type and migratory polyarthr. 
admission he was febrile and had an elevated pulse rate, a grade. 
tolic murmur at the lower left sternal border that became slight! 
ed with inspiration, and splenomegaly. There was no hepatomega 
eral edema or any abnormality of the jugular venous pulse. The p 
anemic (hematocrit 33 percent), and multiple blood cultures we 
Pseudomonas aeruginosa. Combined carbenicillin and genta: 
was instituted, and within 12 hours he became afebrile and | 
were negative. A 6 week course of antibiotic therapy was con 
shortly thereafter pyrexia reappeared and blood eultures 
Pseudomonas aeruginosa. No signs or symptoms of hemodyna 
tion were noted.. 

On January- 17,1974 with use of cardiopulmonary bypass. the 


valve w was inspected through a right atriotomy. A Jane Tegelatio on 
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i xtending wand the medial avii of the septal 

as: proved on culture to. contain Pseudomonas 
nosa. The entire antral leaflet, part of the medial 
et and a small section of the septal leaflet, together 


all their chordae tendineae, were excised. The inter- 


ntricular septum itself appeared normal and was left un- 
turbed. 
Postoperatively, thé patient remained afebrile and con- 
ed a maintenance regimen of combined antibiotic ther- 
e complained bitterly of “veins jumping” in his neck 
was noted to have a resting tachycardia, a grade 2- 3/6 
owing systolic murmur along the left sternal border that 
creased with inspiration, large palpable systolic V waves 
in the jugular venous pulse and pulsatile hepatomegaly. Di- 
.goxin, furosemide and spironolactone were added to his 
"^ therapy. On April 16, 1974 a no. 2 Starr-Edwards prosthe- 
"gis of the mitral valve type was inserted in the tricuspid po- 
"igition after the remaining portions of the tricuspid leaflets 
were excised. The postoperative course was uncomplicated 
and the patient has remained asymptomatic with an ade- 
quately functioning prosthesis. 
` Echocardiographic examinations were performed utiliz- 
ing an Ekoline 20 ultrasonoscope (SKI Instruments, Palo 
< Alto, Calif.) and a 2.25 megahertz, 0.25 inch diameter 
transducer (Aerotech Laboratories, Lewistown, Pa.) with a 
beam internally focused at 7.5 cm. Recordings were made 
‘a Honeywell 1856 Visicorder using Linagraph (Eastman 
odak, Rochester, N. Y.) direct print paper. The patient 
studied in the supine position with the transducer 
placed in the fourth left intercostal space adjacent to the 
sternum. The heart was scanned from base to apex, and the 
transducer was directed posterolaterally and slightly inferi- 
orly with respect to the mitral valve echoes so that strong 
echoes from the posterior left ventricular wall and the in- 
terventricular septum might be recorded? The right ven- 
icular dimension was measured during end-ventricular 
astole (normal range 0.7 to 2.3 cm!). 


Results 


Echocardiographic examinations were performed 
on several occasions: (1) on November 15, 1973 short- 
after admission and initiation of antibiotic therapy 
ad i in the absence of clinically significant tricuspid 
sufficiency, (2) on January 29 and March 5, 1974 
after excision of a major portion of the tricuspid leaf- 
lets and all supporting structures and when signs and 
symptoms of severe tricuspid insufficiency were pres- 
ent and progressive; and (3) on May 1, 1974 after the 
insertion of a functioning tricuspid valve prosthesis. 

- The echocardiogram obtained on November 15, 
1973 (Fig. 1) demonstrates clearly normal posterior 
"motion of the interventricular septum during ventric- 
ular systole and a normal right ventricular dimension 
of 1.8 em. The echocardiogram obtained on January 
29, 1974 (Fig. 2A) demonstrates a striking change. 
Both sides of the interventricular septum move ante- 
tiorly during ventricular systole (abnormal pattern 
À)! and the right ventricular dimension has increased 
to 3.2 cm. In addition, pericardial fluid is present, 
probably secondary to the recent operation. The 
echocardiogram obtained on March 5 (Fig. 2B) con- 
tinues to show paradoxical interventricular septal 


tion. although the motion of the left side of the 
iptum. n appears to be flatter, more bean resembling f 


ibinaríal. patior. In du 
fluid has resolved. The echocar 


May 1 (Fig. 2C) demonstrates | 
tricular septal motion toward normal and 

of the right ventricular dimension to 2.2 cm, 
larger than the initial measurement, but wi 
normal range. Although septal motion is s 
ent from that on admission (Fig. 1), the left 
the septum definitely moves posteriorly, es 
during early systole, whereas early systolic septa 
tion was clearly directed anteriorly before 
placement (Fig. 2, A and B). 


Discussion 


This study demonstrates the echocardiogra: 
sponse of the right ventricle and the intei 
septum to acutely induced right ventric 
overload due to tricuspid insufficiency. As pr 
noted, this case differs from those previ 
ported? i in that tricuspid insufficiency is the 
lesion rather than secondary to pulmonary hy 
sion and right ventricular dilatation. 

Mechanism of abnormal motion: T 
echocardiogram demonstrated normal inte: 
lar septal motion and a normal right ventric 
mension, whereas after surgical resection 
cuspid valve there was gross paradoxical 
the septum with a progressive increase in 
ventricular dimension. Since the resecti 
formed through a right atriotomy and tl 
tricular septum was left undisturbed, it 
that surgical injury to the septum itsel 
count for the abnormal motion. In addit 
the other known causes of abnormal interv: 
septal motion such as coronary artery dise 
bundle branch block! appeared during th. 
course. Furthermore, with the insertion o: 
quate tricuspid valve prosthesis and the 
right ventricular volume overload, the patti 
tal motion and the ventricular dimension 
returned toward normal. These findings 
well with the studies of Kerber et àl$ in 
which acute right ventricular volume ove 
created by means of an artificial left to rig! 
and in which paradoxical interventricular s 
tion and an increased right ventricular di 
were induced. In all of these dogs the sep 
and ventricular dimension promptly returr 
mal when the shunt was closed. By contras 
studies*? in patients with chronic right 
volume overload due to a congenital le! 
shunt have shown that surgical repair of. 
has not led to a return of septal motion or ' 
dimension to normal. Only Meyer et al. Sf 
nificant number of patients in whom nor 
ventricular septal motion resumed. postope 
this change tended to occur in patie 
marked reduction of ae ventricular i 





tle are ee riii for the abnormal 
motion. They propose that, in conditions with 
ventricular volume overload, the dilatated right 
icle ipisces the left ventricle posteriorly; 


CES terior ‘motion cm the cnturvenigieiler septuin is ob- x 
E served i in the echocardiogram. d 
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nzmetal’ S Variant Angina: Hemodynamic and d Angiograph 
Observations During Pain 


WILLIAM H. GAASCH, MD, FACC Hemodynamic and anglographic data obtained during pai 
AJIT V. ADYANTHAYA, MD patients with Prinzmetal's variant angina are reported. The 
VINCENT H. WANG, MD ular pressure-time index did not increase before or during 
ERNEST PICKERING, DO angina in three of the four patients; left ventricular systoli 
ES = kpiye M. FACC mance was impaired during pain in all three. In one of these th 
un ` : ; tients left ventricular pressure-volume data obtained durin 
Houston, Texas suggested a reduction in diastolic compliance; in another, pai 
: segment elevation were present during coronary arterial s 
fourth patient had an increase in both arterial blood pressure an 
rate before an attack; in this patient coronary arterial spasm 
be demonstrated during the period of pain and S-T elevation. 
presented suggest that hemodynamic factors that increase 
cardial oxygen requirements are absent and that coronar 
spasm is present in some, but not all, patients with variant 


The hemodynamic changes associated with classic an. 
have been emphasized in many reports and it is generall 
most anginal attacks are preceded by an increase in the | 
lar pressure-time index (the triple product of left vent 
systolic pressure, heart rate and the systolic ejection pe 
hemodynamic changes associated with Prinzmetal's or var 
have also been described and appear to differ from thos 
angina. Since an increase in the pressure-time index doe: 
before an attack of variant angina in some patients, ?3 an 
nary arterial spasm has been reported during pain in oth: 
be that this unique form of angina is related to a red 
cardial blood supply rather than to increased myocardial 
mands as in classic angina. : 

Hemodynamic and angiographic data obtained during : 
of pain from four patients with variant angina form the 
report. In three patients, the data are consistent with a 
coronary blood supply during pain but in one patient a 
the pressure-time index preceded the pain and coroi 
spasm could not be identified by selective coronary art 
during the attack. 


Reports 


Case 1 


A 62 year old Mexican American man was admitted tot the 
MM March 1972 for evaluation of recurrent epigastric and subster 
From the Department of Medicine, Baylor Col- of 3 months' duration. The pain, oppressive in nature, was somet 
lege of Medicine and. Ben Taub General Hospi- d with d k d at rest and iiocb 
j. Houston, Texas. ‘Manuscript accented May ated with nausea and weakness, occurred at rest and noc turna 
64974 es lated to meals and was not associated with exercise or exer! 
... Address for reprints: William H. Gáasch, MD, electrocardiographic monitoring revealed repeated episodes 
-England Medical Center. pe 171 segment elevation associated with chest pain (Fig. 1). Thes 
rrison Ave., Boston, Mass. 02111- oe uh h significant Ponye) in heart rate or blood pr 





































































1. Case 1. Electrocardiogram ( 

Marked S-T elevation occurred during attack of pain (mid- 

Heart rate remained remarkably stable before, during and 

The response to sublingually administered nitroglyc- 
(lower strip). 











ed promptly to sublingual administration of nitro- 
rin. The electrocardiogram reverted to normal after 
pisode; serum enzymes remained normal. Exercise 
tests were normal on two separate occasions. 
agnostic cardiac catheterization was performed on 
pital day using a cutdown procedure over the 
artery and accompanying vein. Arterial blood 
nitored with a left radial arterial needle. 
ssures were measured with Statham 
rs and fluid-filled catheters, and were re- 
ple channel photographic recorder (Elec- 
icine, DR-8). Intracardiac pressures were 
iac index (determined using the Fick prin- 
was 2.71 liters/min per m?. Left ventricu- 
phy, in the 35? right anterior oblique pro- 
erformed, injecting 45 cc of Renografin® 
3 Eppendorf catheter over 3 1/2 seconds with 
posure at 30 frames/sec. The ventricle contracted 
and there was no mitral regurgitation. We 
iroduce. angina using atrial pacing techniques 
12 minute rest period. However, in the absence 
inge in blood pressure or heart rate and without 
receding anxiety, spontaneous chest pain devel- 
fore pacing could be attempted. The left ventricu- 
re was recorded and a second ventriculogram was 
using the same oblique projection and the same 
contrast material used previously. During the 
ain there was a slight decrease in the left ven- 
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FIGURE 2. Case 1. Top, left ventricular contraction plots before and 
during angina. The solid line represents the left ventricular end-dia- = 
stolic perimeter and the broken line represents end-systole. During 
angina there was a reduction in the systolic ejection fraction (SEF). 
and in the mean circumferentia! fiber shortening rate (MCFSR); in- 
feroapical hypokinesis developed. Bottom, left ventricular pressure 


and iead Ii of the electrocardiogram recorded during angina. There | 


was little change in heart rate or in left ventricular systolic pressure 
during pain; the end-diastolic pressure increased from 7 to 34 mm 
Hg. 


tricular pressure-time index and a marked reduction in sys: 
tolic performance (reduced left ventricular developed pres- 


sure, stroke volume, systolic ejection fraction and maximal 


rate of ejection). Left ventricular end-diastolic volume res. 
mained essentially unchanged whereas end-diastolic pres- 
sure increased markedly, suggesting a reduction in diastolic 


compliance; the diastolic stiffness constant (k) increased ° 


from 0.031 to 0.047 whereas compliance at end-diastole de=: 
creased from 5.2 to 0.67 mm Hg X 107? during paint (Fig. 2. 
and 3, Table I). Nitroglycerin was administered sublingual- co 

ly, with prompt disappearance of the pain. Selective coro- 
nary arteriography using a Sones catheter revealed high- 


fi ~ +300 
4 +150 FIGURE 3. Case. 1. Left ventricü- — 
1 $ lar time-volume plots before and... 
1 Ed during angina. The solid line rep- ` 
o © resents left ventricular volume 
& (cc) and the. broken line repre- " 
Zz sents the rate of change of vok . 
End-diastolic. vol- . 
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lentricular Performance Data in Four Patients with Varia t Angina E 


Case 3 : 


Angina -< Control. 





Control Angina Control Control 








Electrocardiogram WNL ST fleadl! WNL ST fleaed V; WNL ST lead Vj; WNL 
te (beats/min) 88 90 66 75 104 120 7d : 
ressure (mm Hg) 153/7 147/34 115/11 106/25 155/8 . 100/25 120/70t. . 
ure-time index ve 
.Hg:sec/min) 3370 3190 2087 1848 
end-diastolic volume (cc/m?) 91 81 
“Systolic ejection fraction (95) 52 56 
_ Mean Vor (sec™) 1.09 J 1.10 
LV peak ejéction rate (cc/sec)* 215 226 
LV maximal dP/dt (mm Hg/sec) 1420 
Vex at DP of 10 mm Hg (sec!) 3.2 
Maximal Vcg using TP (sec^!) 1.7 








* The ejection rate was derived in Case 1 as the first derivative of the time-volume plot (volume angiography) and in Case fro 


aortic flow curves (velocity probe). 


"t Since the left ventricular pressure was not recorded during angina in Case 4, the systemic arterial pressuré is give 


‘DP = developed pressure; LV = 


left ventricular; S-T t = elevated S-T segment; TP = total pressure; Vcg = contractile element 


ity; Ver = circumferential fiber shortening velocity; WNL = within normal limits. 


de obstructive lesions in the middle third of the right 
coronary artery and a second significant lesion of the left 

rior descending artery near the origin of the diagonal 
branch (Fig. 4). The procedure was uncomplicated, and the 
patient returned to the coronary care unit. 

Left ventricular cineangiograms obtained before and 
during angina were analyzed on a frame by frame basis 
‘using an electronic planimeter and a programmer calcula- 
tor (Hewlett-Packard, model 9100A). Left ventricular vol- 

e was determined by the single plane area-length meth- 
and time-volume plots (Fig. 3) were constructed from 

e data. Curves for the rate of ventricular filling and 
‘ejection (cc/sec) were plotted as the rate of change of vol- 
ume from the time-volume plots. The mean circumferential 


FIGURE 4. Case 1. Selective coro- 
f: arteriograms. There are -high 


fiber shortening rate was obtained as descril 

et al., and the systolic ejection fraction was d 
the angiographic stroke volume divided by the en 
ic volume (Fig. 2 and 3). Dimensions were correc 
ray magnification and distortion by means of a 
posed of 1 cm wire squares. 

Aorta to coronary bypass surgery using autologs 
phenous veins was performed 2 days after cardiac ci 
ization. Both the right and the left anterior desce 
onary arteries were bypassed, but the immed 
ative period was complicated by electrocardi 
changes and the development of Q waves in bot 
or and anterior leads. The clinical course ove 
months was characterized by progressive exe 
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Nt 
: DURING ANGINA IMN. POST | NTG 2MN: PAIN GONE 
$6 2, Left ventricular (LV) and aortic (Ao) pressure, left ventricular dP/dt, aortic flow and electrocardiogram. Depression of left 
unction before the onset of pain is suggested by the increase in left ventricular end-diastolic pressure and decrease in dP/dt (upper 
ventricular dysfunction continued during pain, but decreased markedly after sublingual administration of nitroglycerin (NTG). 
fatigue without recurrence of pain. A second cardi- tery and accompanying vein. At rest, the intracardiac pres- 
ieterization performed 6 months postoperatively re- sures were normal and the cardiac index was 3.1 liters/min 
led grossly depressed ventricular function: Cardiac per m?. A left ventriculogram revealed a synergistically . 
as 1.4 liters/min per m?, left ventricular end-dia- contracting left ventricle with a good ejection fraction and | 
pressure was.36 mm Hg and the systolic ejection frac- no mitral regurgitation. Selective coronary arteriography 
on was 15 percent. Neither vein graft was patent, and the using the Judkins’ technique allowed visualization of each -` 
tive coronary circulation was completely occluded at the of the major arteries in at least three projections. The right 
sof the previously identified lesions. There was pro- coronary artery was dominant and was entirely normal in 5 


ve biventricular failure; the patient became complete- distribution and patency. T'here was a segmental narrowing 

led and cachectic and died in October 1973. Post- of the left coronary artery proximal to the first septal per- 

tem examination revealed severe triple vessel coronary forating artery. The diagonal and circumflex vessels were . 
isease, fibrotic and nonpatent vein grafts and old widely patent and appeared normal. 

tions of the inferior and apical myocardium. The investigative protocol utilized a no. 8F catheter with 

^os a distally located micromanometer for measuring left ven- 

n a RC tricular pressure and a proximally located electrode veloci- 

_ A 42 year old black man was admitted to the hospital in ty probe for measuring left ventricular ejection velocity. 
October 1973 because of chest pain at rest of 2 months' du- This catheter was inserted through the right brachial ar- 

. An electrocardiogram taken during an episode of terv and was maintained in the left ventricular outflow: 

on admission revealed marked S-T segment elevation traet during the angiographic studies; the angiographic- 
leads V; and Vo with ectopic beats. The electrocardio- catheters were inserted through the right femoral artery. © 
ram taken in the absence of pain was within normal limits. The high fidelity left ventricular pressure recordings and 

uous cardiac monitoring revealed repeated episodes the time derivative of left ventricular pressure (dP/dt).were 

;gment elevation in lead Vs in both the presence recorded at paper speeds of 200 mm/sec. Pressure-velocity - 
absence of pain. Each episode of chest pain was curves were constructed from isovolumic pressure data 

y. relieved by sublingual administration of nitro- using both total pressure and developed pressure tech-. 
clect-ceantiogeamns and serum enzymes re- niques and a series elastic constant of 249 The- velocity 
probe was positioned in the central aorta just above thesis | (5 
nuses of Valsalva and adjusted so that its position ap- = 
peared stable on fluoroscopy and the si; ppesred tela- i 
tively constant from beat to beat. The m 
tained, from a- Carolina Medic 


































r using the nt brachial ar- NO 


;.". FIGURE 6. Case 2. Selective left coronary arteriograms (right anterior oblique projection). Lett, obtained during the attack of angi 

the left anterior descending artery is seen with only a small proximal stump visible at the origin of the vessel. Center, within 1 minute a 
“lingual administration of nitroglycerin, opacification of the vessel is improved but diffuse spasm persists. Right, 2 mintues later the pi iei 
.|^of pain and the vessel appears distally patent; the proximal narrowing appears unchanged when compared with the initial angiogram. 


(model 802) was recorded simultaneously with left ventric- 
“ular pressure (Fig. 5). If one assumes a constant cross-sec- 
tional area of the aorta and a flat aortic flow profile, this 
“velocity signal is equivalent to a flow signal.!? Calibration 
of these signals was accomplished by equating the area 
“under the curve to the average stroke volume obtained by 
performing a cardiac output determination using the Fick 
principle for oxygen. 
During constant monitoring of the electrocardiogram, 
left ventricular pressure and the patient's subjective re- 
sponse, ergotamine tartrate was infused intravenously at a 
rate of 0.1 mg/min. When 0.35 mg had been administered, 
there was an increase in the left ventricular end-diastolic 
pressure, with no pain and without measurable changes in 
“the electrocardiogram, arterial blood pressure or heart rate, 
and the infusion of ergotamine tartrate was discontinued. 
Approximately 1 minute later the patient complained of 
bsternal pain and there was a distinct elevation of the S- 
segments in lead Vj; the triple product of blood pressure, 
heart rate and systolic ejection period decreased slightly 
from the control value of 2,087 to 1,848 during the period of 
pain; left ventricular developed pressure, stroke volume 
“and the maximal velocity of ejection decreased during the 
‘attack as did the isovolumic indexes of contractility (Fig. 5, 
- "Table D). Selective angiograms of the left coronary artery 
during the attack revealed total absence of the left anterior 
descending coronary artery (Fig. 6). Sublingual administra- 
tion of nitroglycerin produced prompt (1 to 2 minutes) alle- 
viation of the pain and reversal of the electrocardiographic 
and hemodynamic changes; repeat coronary angiograms re- 
“vealed disappearance of the coronary arterial spasm (Fig. 
:/ 6). There were no complications related to the procedure. 
The patient was initially treated with isosorbide dini- 
“trate and reserpine (1.0 mg/day) with a good clinica! re- 
sponse; he was discharged from the hospital on the 8th hos- 
pital day having had only one episode of angina. He was 
ondimitted to the hospital in January 1974 for reevalua- 
tion. Continuous. monitoring during 72 hours in the coro- 
are unit (several complete electrocardiograms, moni- 
tocardiographic strips and Holter monitor) did not 
: ny abnormalities, the patient remained. free from 


pain during the hospitalization. As of January 1915, 
full-time employment as a laborer but continues to 
ence occasional attacks of angina at rest. 


Case 3 


A 52 year old man was admitted to the hospit: 
vember 1973 with a 2 day history of episodic oppressi 
substernal chest pain occurring at rest; he had a 2 ye 
tory of similar pain that occurred both at rest an 
exertion. During the first 3 hospital days he com 
recurrent attacks of pain that were associated w 
sient S- T segment elevation in leads V; and V» à 
promptly abolished by sublingual administration 


dán of the biccedue and before the arterial: cat 
advanced to Ehe Je side ot the heart, the: 


heart rate or e apicis arterial pressure before the on 
pain, but arterial pressure decreased and pulmonary 
sure increased during the episode (Fig. 7). The cat 
advanced to the left ventricle; the pain and heme 
alterations resolved spontaneously. A second episo 
pain occurred, again without preceding hemod ma 
changes and again associated with a decrease in | 
tricular systolic pressure and an increase in end 
pressure. Left ventricular maximal dP/dt decre 
percent during this episode of pain. Ventricular 
developed curing a subsequent attack of pain; the 
mia was successfully converted to sinus rhythm tc 
sion); however the left. ventricular end- diast 


in spite of repeated sublingual administrator 0 
erin, The left ventricular. cineangiogtani reveale 
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se 3. Systemic, pulmonary arterial (PA) pressure and left ventricular pressures before, during and after pain. A decrease in sys- 
and an increase in left ventricular diastolic pressure developed during angina on two occasions (center segments of both the 
wer panels). BA = brachial artery; LV = left ventricular. 


n fraction was 30 percent. Selective coronary lead II. A second right coronary injection revealed no 
'evealed severe proximal disease in all three change in the vessel (Fig. 8). Nitroglycerin was adminis- 


tered sublingually and a third film was obtained; no change , 
the coronary care unit, the patient had a in caliber of the vessel or severity of the lesion could be ap--.. 
rdiac arrest and again ventricular fibrillation was preciated. Thus, the coronary angiogram was unchanged 
led to sinus rhythm, but pump function did not im- before and during angina, as well as after administration of 
Em rgency aortocoronary saphenous vein bypass nitroglycerin; spasm of the vessel could not be identified. - 
fc d, but pump failure persisted. Postmortem Minor T wave abnormalities persisted for 1 month after . 
nation revealed severe three vessel coronary artery the procedure, but there was no evidence of transmural in- 


farction. Serial enzyme determinations were normal. The. 
patient is now pain-free without medication. 


Discussion 


38 year old woman was admitted to the hospital in Left ventricular dysf : : : S 
E i "oo A ; ysfunction during classic angina .- 
TB for evaluation o chest pain of? months! pecoris has been well documented. Many studies ex- 
] amine left ventricular function during stress that in-- 


-to exertion or emotional upset and ranging in : one 
- from several episodes a day to once a week creases the myocardial oxygen demand (exercise, .- 


s nocturnally), that were promptly relieved by atrial pacing, isoproterenol infusion, for example), 
'The electrocardiogram was normal at rest, and some workers have made sequential hemody- `- 
riking S-T segment elevation in the inferior namic observations before and during spontaneous 


























s pan. 700 angina.! Patients with classic angina commonly ex- — 
Left heart catheterization and coronary arteriography hibit an increase in the pressure-time index before | 
pee on the: 2nd hospital day. The left ventricu- the onset of spontaneous or induced pain; and it has- f a 


revealed kc volare contracting been postulated that the increase in ‘myocardial : o 


FIGURE 8. Case 4. Selective arteriogram of the right 
,,corónary artery during angina. There is no change in 
the caliber of the vessel or the degree of the proximal 
rrowing when compared with the films taken before 
the onset of pain. 


blood pressure, in fact, often decreases during the pe- in did not alter the angiographic picture of 
iod of pain. These workers considered it most un- Thus, in this patient, angina was not ass 
ly that the variant form of angina was secondary coronary arterial spasm, but circulatory chi 
to increased myocardial oxygen demands. increase the myocardial oxygen requirem 
“In all four of our patients, blood pressure and heart take place. MacAlpin!® has suggested that a 
te were recorded before and during angina. In three uum exists between classic angina at one enc 
f the four patients, the pressure-time index did not spectrum and variant angina at the othe 
increase before angina, and decreased during pain. place of the patient with intermediate coroi 
These observations confirm the data of others,?? and drome in this spectrum remains undefine 
e consistent with the hypothesis that hemodynamic though these patients may occasionally - 
hanges resulting in augmented myocardial oxygen those with variant angina,!^5 the progn: 
demands do not occur during pain in some patients to differ.!9? A combination of an electrocar 
with variant angina. coronary arteriogram and left ventricul 
Coronary arterial spasm during pain: Transient measurement during pain might help to.u 
ronary arterial spasm (angiographically demon- difficult pathophysiologic spectrum. 
strated) associated with pain, S-T segment elevation Left ventricular function during p: 
d hypotension was reported by Ross and Gorlin!! mal systolic performance of the left ven 
in 1968 as a complication of coronary arteriography. clearly documented during angina in three o; 
acAlpin et al.!? described the direct observation of tients. Segmental abnormalities of wall mo 
oronary arterial spasm during surgery in a patient oped and the systolic ejection fraction decreas: 
with variant angina. Recently others*? have angio- ing angina in Case 1; there was little chang: 
aphically documented coronary arterial spasm in ventricular end-diastolic volume, whereas bot. 
patients with variant angina. Patient 2 had pain and extent and velocity of volume reduction wer 
-T segment elevation during the spasm and the re- creased during pain. Likewise in Patient 2, a r 
onse to sublingually administered nitroglycerin tion in the isovolumic indexes of contract 
as prompt. À composite of these hemodynamic and reduction in the peak velocity of ventricular eje 
ngiographic observations suggests that pain is relat- imply severely impaired left ventricular fun 
to reduction in coronary flow secondary to coro- ing angina. Left ventricular dysfunction de 
ary arterial spasm in some patients with variant an- this patient (increased end-diastolic pressu 
1 i creased maximal dP/dt) before the onset of p: 
e sequence of events in Case 4 is in striking con- electrocardiographic changes. Nitroglycerin v 
to the pete in the other three Keanna Typi- ciated not only with prompt relief.of pain 
ir nary arterial spasm, but also with a prompt retur 


left ventricular function to normal .Ín Patien 








pi ssure is. soften énsüred | during angina, but 
clear whether the elevation is related to left 
lar failure and subsequent dilatation or to a 
ni in diastolic compliance. The left ventricu- 


uring angina in Case 1 are of interest in this re- 
Alrhongh the left ventricular end-diastolic vol- 





| pressure increased from 7 to 34 mm Hg. 
findings suggest a shift to a steeper diastolic 
e-volume curve and a reduction in left ven- 
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id 


d iastolic muscle fiber stretch, with conse- 


quent impairment. of left ventricular. systolic perfor- - p 


mance; but if normal compliance. exists in the non- 


"ischemic muscle, the Starling mechanism would re- . 





main operative in this area.! In addition, reduction — 


-in left ventricular compliance and subsequent limita- 


tion of volume might attenuate or prevent the in- 


reased myocardial oxygen demand resulting from ves 


acute dilatation.!9 d 
Although the mechanism responsible for ischemia 2 


may differ in variant and classic angina, the conse- 


quences of the ischemia are apparently similar. Data _ 


presented here suggest that coronary arterial spasm 
is responsible for the clinical syndrome i in some, but Um 


not all, patients with variant angina. 
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Transient abnormal Q waves were seen in two patients. with P 
al’s angina during episodes of chest pain. The Q waves al 
currently while the patients had chest pain and disappe 
subsided, indicating that Q waves suggestive of myocar 

can be seen with severe myocardial ischemia without actu. 
We describe these two patients, the various conditions in 
sient abnormal Q waves have been reported and the theories 
to explain this electrophysiologic finding. 


In 1959 Prinzmetal! described the variant form of angina pe 
fering from Heberden's classic angina pectoris because the í 
occurs at rest or during ordinary activity and because the 
ments are transiently and often markedly elevated during 
Other electrocardiographic characteristics of this variant. 
often occur during an attack include reciprocal S-T seg 
sions, an R wave that may become taller and broader!-? 
mias, especially ventricular. Second degree heart bloc 
heart block?-? and standstill? have also been described. | 

Transient abnormal Q waves, known to occur during : 
pectoris and other conditions, have not been reported in 
form of angina pectoris since Prinzmetal's original des 
1954 Roesler and Dressler!? described two cases of “transie 
cardiographic changes identical with those of acute m 
farction accompanying attacks of angina pectoris.” One c 
of a patient with “typical” variant angina with transient Q 
ing the attacks of pain. Recently we observed two patien 
ant angina pectoris with transient Q waves simulating a 
infarction, establishing this as another electrocardiogra 
mality that may be seen in Prinzmetal's angina. 


Case Reports 


Case 1 


A 64 year old white man was admitted to Mount Sinai Hospital vit 
rent severe chest pain. For 4 years he had had frequent episodes 
sternal burning sensation that was relieved by antiacids and wa 
be caused by esophagitis. Serial esophagograms revealed distal es 
stricture, but without change during these years. Two days before : 
he again felt the retrosternal burning sensation, this time with se 
that radiated to the left arm and lasted for 15 minutes. The sam 
curred on several occasions during the next 48 hours despite h 
of antiacids, and he was hospitalized. He used to smoke 20 cigare 
A brother had had a myocardial infarction at age 56 years. ‘Othe 
and family medical history was noncontributory. : 

On. admission his vital signs were within normal limits as wi 
the physical examination, except for a fourth sound gallop. ' 


count, eryt Broc: hrocyte sedimentation rate, urinalysis, blood glue : 


olyte determinations and, chest: 








ithin normal limits. Serum creatine phosphokinase 
1,020 units, lactic dehydrogenase 175 units, serum glu- 
loacetic transaminase 115 units and serum glu- 
pyruvic transaminase 42 units. 
The admission electrocardiogram (Fig. 1A) revealed 
ormal sinus rhythm, a Q wave in lead III, but not in II or 
nd inverted T waves in leads I, aVL and Vi to Vg. 
urs after admission, during an episode of chest pain 
1B), left axis deviation was seen with a QS pattern in 
rs pattern in leads III and aVF, qrS pattern in lead 
RS pattern in leads V2 and Vs, and loss of the septal q 
in leads Vs and Ve; the S-T segment was now elevated 
ads I, aVL and V; to V4 with tall peaked T waves in all 
precordial leads. Two minutes later (Fig. 1C), once the pain 
lieved, the record reverted almost completely to its 
nal appearance. À similar sequence with even more 
g S-T elevations was recorded during chest pain the 
ay (Fig. 1D), and Q waves again appeared transiently 
éads II and aVF. The tracings suggested an acute anter- 
septal myocardial infarction, but the patient continued to 
ve recurrent chest pain with the same changes in leads 
d aVF, which also simulated an inferior wall myo- 
infarction. Occasional premature ventricular beats 
ring these episodes. 
[course was p er by heart failure, 






sek He was s discharged 4 weeks 








gram at this time showed : 


FIGURE 1. Case 1. Serial electrocar- 
diograms revealing abnormal Q 
waves in the inferior wall leads during - 
two episodes of chest pain and: their 
disappearance in the interval be- 
tween these episodes. 


evidence of an anteroseptal infarction, but no Q waves in | 
leads II, III or aVF (Fig. 1F). 


Case 2 


A 53 year old black woman complained of recurrent sub- 
sternal chest pain for 3 weeks. She characterized it as sud-. 
den onset of pressure for 2 to 3 minutes, unrelated to exer- 


tion and occasionally awakening her at night, accompanied -~ . 


by weakness and sweating, and disappearing spontaneous- 
ly. It recurred two to three times every day. She denied 
ever having had this type of pain in the past. She was ad- | 
mitted to another hospital and then transferred to Mount 
Sinai Hospital. She had had irregular menstrual periods for 
the last 2 years. She used to smoke 10 cigarettes per day. 
Her mother had diabetes and hypertension, but the patient 
denied any previous illnesses. : 
On admission she appeared in good general condition. 
and in no distress. The blood pressure was 150/95 mm Hg, 


pulse 84/min and respirations 18/min. A short, grade 2/6. 


systolic murmur was heard at the apex and left sternal bor- 
der. Results of routine blood tests, urinalysis, chest X-ray 
examination and serial blood enzyme determinations were 
within normal limits. ; 
The electrocardiogram on admission (Fig. 2A) revealed . 
normal sinus pore a small r wave in lead Vir. in} 


ep 
pain (Fig. 2B), a a QS pattern was seen in i lead Vi. 
ern in leads Va and Va, ij 
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FIGURE 2. Case 2. Serial electrocar- 
diograms revealing transient abnor- 
mal Q waves in leads V to V3 during 
< the episodes of chest pain. 


. vation in leads I, II, aVL and Vi to Vs. The pain disap- 
peared spontaneously and the electrocardiogram returned 
promptly to its initial appearance with disappearance of 
the Q waves in leads Vi to V4. In subsequent episodes of 
chest pain similar electrocardiographic changes could be 
seen (Fig. 2, D and E). 
The patient was kept at bed rest and given nitroglycerin 
s required. She continued to have one to three episodes of 
ransient chest pain every day, with a loud S4 gallop and 
S:T elevations in the monitor lead during the pain. On the 
-Bth hospital day, cardiac catheterization was performed. 
"The intracardiac pressures were all normal but the left ven- 
Ctricular end-diastolic pressure increased from 5 to 23 mm 


1. Hg after a left ventriculogram. The latter revealed hypoki- 


¿“nesis of the anterior and apical areas of the left ventricle. 
~The coronary angiograms revealed subtotal obstruction of 
. the interventricular branch of the left anterior descending 
artery at its origin beyond the second septal perforator. 
‘The interventricular branch was filled in retrograde fash- 
_ion by septal collateral vessels from the terminal right coro- 
nary artery. The other coronary arteries were normal. 

The patient was operated on and a saphenous vein by- 
pass to the interventricular branch of the left coronary ar- 
tery was performed. The postoperative course was compli- 
cated only by pericarditis requiring the use of corticoste- 

oids. Three weeks postoperatively the patient was dis- 
harged without symptoms. 

Seven weeks later she was still asymptomatic; recathe- 

ization was performed for evaluation of the saphenous 

raft. The study revealed normal pressures in all cardiac 
bers; this time the left ventricular end-diastolic pres- 


e (il mm. Hg di mot change: after two left ventric ulo- 


grams. Left ventricular contractility was m. 
proved with only mild residual hypokinesis of tt 
wall. The interventricular branch was complete 
and a patent saphenous graft filled the distal ve 
electrocardiogram taken at this time (Fig. 2F) did 
any abnormal Q waves and there were only 


pressions. 
Discussion 


The electrocardiographic and anatomi 
of abnormal Q waves with myocardial infar: 
long been accepted,!! and has been confir 
perimental studies and by human necropsy 
The Q wave, as Wilson et al.* have sho 
when an area of dead muscle under the. 
electrode no longer transmits an excit 
toward the electrode and forms *a window fro 
interior of the left ventricle." Vector forces 
by depolarization of surrounding viable my 
are directed away from the exploring elect 
amplitude and duration of the Q wave ar 
tional to the depth and area of infarcted- 
and it does not appear until a depth-o 
myocardium becomes sufficiently hom 
ischemic to alter the direction of the initial 
ond vector in this area. 

Abnormal permanent Q waves are rar 
causes other than myocardial infarction such ; 
ulomas and gumma, !ê cardiomyopathy, 


dystrophy, trauma? or prim 
E p 


eoplasms to the heart." 































































marked metabolic abnormalities such as hypoglyce- 

ia, hyperkalemia,;? shock,202! acute pancreati- 
d : phosphorous poisoning? Q waves ap- 
during a cerebrovascular accident, as re- 


8 of 30 patients during cross-clamping of the aorta or 
ion of extracorporeal circulation during heart 
ry that disappeared shortly after restoration of 
il coronary flow. Transient Q waves have also 
described in a case of repetitive tachycardia,”® 
recurrent ventricular tachycardia could not be 
led out. 
Gross et al?" produced in 7 of 19 dogs 1 to 2 min- 
‘after ligation of a coronary artery transient Q 
s that disappeared 3 to 5 minutes after releasing 
he tie. In three dogs that survived more than 27 
ours there was no evidence of myocardial infarction 
xamining the heart. 

nsient Q waves during angina: Transient Q 
ve also been seen in classic angina pectoris. 
nd Johnston?5 described QRS alterations in 
ectoris; however, by present criteria three of 
ients had transient left anterior hemiblock 
jatient had variant angina with marked in- 
ular aberrant conduction but no abnormal 
ubin et al?? deseribed a case of classic an- 
s with transient Q waves. 
rospective analysis of Roesler and Dressler's 
rt? of two cases of angina pectoris in 1954, before 
zmetal’s classic description of variant angina,’ 
me patient with variant angina with transient 
aves simulating an acute anteroseptal myocardial 
rction, and a second with preinfarction who had 
changes but Q waves that probably appeared 
an episode of chest pain but were not present 
follow-up tracing taken 48 hours later. They as- 
ed that ischemic myocardial cells fail to depolar- 
originating electrically silent areas. 
e ‘our cases had the characteristics of variant 
angina pectoris. In one, the angina complicated the 
course of an acute myocardial infarction and in the 
other. ‘probably followed an apparent small anterior 
avocardial infarction (q wave in lead V2). 
ase 1, during the episodes of chest pain the 
levation occurred in the area of the acute myo- 
l infarction (leads V; to V4) whereas the Q 
eared in lead II, IH or aVF. These findings 
resent: a deviation of the axis to the left, but 
rere no criteria for left anterior hemiblock?? 
e in lead II and no g wave in leads I or aVL). 
y not. been transient, these Q waves would 
bee sufficient for a diagnosis of inferior wall 
rdial infarction. 
ise 2 the persistent q wave in lead V2 was ab- 

















| "have be 
d in different situations, most of them with 


and suggestive of an anterior wall myocardial - 
s7 j 


levation. and. the Qs. : put not biologically dead and p 


« probably represented severe : ischemia without n necro: .- 


sis. 
Others?! have réparied $ in patiónts with acüte myo- 

cardial infarction a decrease in the area of abnormal > 
precordial Q waves thought to be due to surviving 
ischemic muscle around the necrosed muscle during | 


the myocardial infarction. The patterns in our twó e . 
cases differed; both patients had recurrent chest pain. 


and the patterns described were repetitive. The ap-_ 


pearance of variant angina in patients with previous ~ tes 
classic angina or previous myocardial infarction is | 
well known,!3? so its occurrence is not surprising in | 


patients with acute myocardial infarction. 
Mechanism of transient Q waves: Several ` 
theories have been offered to explain the cause of the 
transient Q waves during the metabolic abnormalities 
mentioned earlier and during angina pectoris. In. 
1941 Blumgart et al.” studied the effect of tempo- 
rary occlusion of the coronary arteries in animals, 


and found in dogs that up to 20 to 25 minutes of total. cepi 


occlusion could be tolerated without producing gross 
or microscopic evidence of myocardial infarction. 
When the period of ligation exceeded 25 minutes, the 
extent of the infarct was roughly proportional to the 
duration of the arterial occlusion. They noted only 


S.T and T changes and no alterations of the QRS > s 


complex, but only standard limb leads were used and 
the areas of infarction were of relatively small size. In- 
their biochemical studies of myocardium subjected to 
arterial occlusion for 15 minutes they found signifi- 
cant alterations in cellular and extracellular fluid and 
electrolyte relations. Goldman et al.!? assumed that 
after the interruption of blood flow to an area of 
myocardium there is a period during which QRS and 
contractile abnormalities appear and are reversible, 
and that these changes could be seen in less severe 
degrees of ischemia applied over a longer interval of 
time, particularly in the presence of certain metabol- 
ic alterations. The period of reversibility would be in- 
versely related to the severity of the resultant myo- 
cardial metabolic disturbance. They concluded that’ - 
the electrocardiogram was a more sensitive index of 
myocardial function than any other diagnostic tech- 
nique. 


during ischemia, speculated that the loss of electrical 


activity, as manifested by pathologic Q waves, may: ut 


reflect a temporary loss of action potential due to lo- 
calized alteration in the cell membrane rather than 
cell death. Then, although electrically inactive, the. 
cell may be viable and hence regain electrical activi- 


ty. They believed that there was-a zone of "concus- . E 


sion" around the zone of necrosis after an acute myo- 
cardial infarction, with myocardial cells so comprò- 
mised that they do not undergo electrical activity, al. 
though they are not dead. Such cells are. electrically 





De Pasquale et al.?* following Roesler and Dres- — i 
sler's idea of electric ally silent areas of myocardium ^ 









waves seen in variant ang 
. probably related to sevi 

area of myocardium, bu 
requires further investigation. 5 


Vith maproyemeat i in the: -coronary circula 
myocardial cells within the zone of concus- . 
cover and electrical activity returns. These 
ulations could also apply to the transient Q - 
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cular Aneurysm with Ventricular Tachycardia 


hn 4 Gallagher, MD, 
: ical Center, Dur- : : 
: a rate of 140/min (Des 3). The aus complex h 


po ofa Case with Epicardial Mapping and Successful Resection 


A case of ventricular aneurysm with refractory ventricular tachycardia 
is presented. Epicardial mapping was used to localize the site of ear- o > 
liest epicardial activity to the margin of the aneurysm, and subsequent - 
resection of this area abolished the rhythm disturbance. 3 


The association of ventricular aneurysm and intractable ventricular . 
arrhythmias was first reported by Parkinson! in 1938, and confirmed ` 
by Berman and McGuire? and Wasserman and Yules? Surgicalresec- ^ ^. 
tion of an aneurysm with abolition of the associated ventricular ar- 
rhythmias was reported by Couch? in 1959. Subsequently, there have - 
been several reports of intractable ventricular arrhythmias success- . 
fully treated by surgical interventions including aneurysmectomy;5-?9 
infarctectomy"!-?? and various revascularization procedures." 8,17,20,27- 
32 This report coneerns a case in which epicardial mapping was used 
to locate the origin of a ventricular tachycardia with subsequent ab 
lition of the arrhythmia by ventricular aneurysmectomy. 













Case Report 


A 54 year old man was admitted to Duke University Medical Center on 
May 28, 1973 for evaluation of tachycardia and congestive heart failure: He 
had had a myocardial infarction in 1964 and again in 1967. After the second... 
infarction, he experienced frequent episodes of rapid heartbeat, associated ^ 
with sharp substernal pain and shortness of breath. In January 1973, because ©- 
of progressive dyspnea on exertion and more frequent prolonged attacks of =... 
tachycardia with chest pain, he was treated with quinidine gluconate, 0.3:g; | 
propranolol, 40 mg, and isosorbide dinitrate, 10 mg, every 6 hours; digoxin, =. 
0.25 mg daily; and furosemide as necessary. Electrocardiograms taken before: 
treatment disclosed probable ventricular tachycardia. The arrhythmia con- | -< 
tinued, despite addition to the regimen of procainamide, 750 mg, and di- ^. 
phenylhydantoin, 100 mg, every 8 hours. An electrocardiogram (Fig. 1). re- 
corded during a brief period of sinus rhythm during treatment with procain- 
amide and propranolol demonstrated sinus rhythm with first degree block, 
intraventricular conduction delay, left axis deviation and anteroseptal infare- 
tion of undetermined age. Larger doses of propranolol resulted in accentuat- 
ed signs and symptoms of heart failure, and he was referred to this center for : 
further evaluation. : 

Physical examination revealed a blood pressure of 100/80 mm Hi and ; ao 
regular pulse of 135/min. The apical impulse was diffuse in the left fifth and - 
sixth intercostal spaces at the anterior axillary line. The first heart sound 
varied in intensity. A ventricular gallop (83) was palpable and audible at the 
apex. The lungs were clear to percussion and auscultation. 

The chest roentgenogram disclosed E moderately enlarged heart with a 














ular (A-V) dissociation and ventricular complexe: 





and propranolol. 





FIGURE 2 (right). Standard electrocardiogram taken during ventricular tachycardia. 


FIGURE 3. Intraatrial recording taken during tachycardia. A-V dissociation is present, with ventricular rate of 138/min and an atria 
1. A = atrial depolarization; AE = atrial electrogram; ll = standard lead Il; V = ventricular depolarization. 


da configuration of right bundle branch block and ex- 


ne left axis deviation. Q waves were not present in lead I 
-aVL but were seen in leads II, III, aVF and V3 to Vg. 
he arrhythmia persisted despite discontinuation of 
oxin. The ventricular response slowed to 110/min with 
ral administration of diphenylhydantoin, 100 mg every 6 
hours; sinus rhythm occurred transiently during a course of 
ednisone, 60 mg daily. 
Right and left heart catheterization was performed on 
May 30, 1973. Hemodynamic measurements revealed the 
ollowing pressures (in mm Hg): pulmonary artery 32/16 
ean 22), left ventricle 93/7-11 and aorta 93/67 (mean 
77). The arteriovenous oxygen difference was 6.2 volumes 
percent; cardiac output was 3.8 liters/min and index 2.1 li- 
ters/min per m2. An intraatrial recording (Fig. 3) confirmed 
the A-V dissociation, with an atrial rate of 84/min and a 
entricular rate of 138/min. Atrial pacing at 150/min failed 
capture the ventricle. Ventricular pacing at the same 
‘ate resulted in capture, with immediate return of the 
underlying rhythm after cessation of pacing. Cineangiocar- 
diography revealed a large apical aneurysm involving the 
anterior, lateral and inferior aspects of the left ventricle. 
No mitral insufficiency was present. Immediately after the 
:ventriculogram, sinus rhythm occurred transiently and left 
ventricular end-diastolic pressure increased to 33 mm Hg. 
Coronary arteriography demonstrated a total occlusion of 
e left anterior descending artery as well as a 90 percent 
occlusion of an anterolateral branch near its origin. The left 
'ircumflex artery had a 70 percent occlusion of a medial 
branch and a 50 percent narrowing near the origin of a lat- 
arginal branch. The right coronary artery was a small 


"with a 90 ‘Percent Peehi lesion i in the georimat: 


Epicardial mapping: On June 5, 1973, the pa 
derwent median sternotomy. A large discrete an 
found that involved the anterior, apical and. 
pects of the left ventricle. There was A-V di 
a ventricular rate of 140/min and a QRS d 
msec. Epicardial mapping (Fig. 4) revealed a 
activation of the posterior aspect of the left venti 
margin of the aneurysm. Local activation tim 
determined by bipolar and unipolar recordings, « 
msec after the onset of ventricular depolariza: 
standard limb leads. Unipolar recordings in t. 
vealed Qr deflections. Intramural needles wer 
further delineate the focus, for fear of dislo 
within the aneurysm. Unipolar recordings over 
of the aneurysm were of low amplitude, and de 
large smooth Q waves with late fragmented loca: 
in the bipolar recordings. Pressure of the ex 
trode on the epicardium in the area of early : a 
sulted in cessation of the tachycardia; sinus rh 
resumed at a rate of 90/min with a QRS dura 
msec in association with left axis deviation. 

A second epicardial mapping was quickly p 
with care taken to record the same epicardial siti 
breakthrough was noted on the posterior left ve 
location somewhat closer to the posterior descen 
nary artery than the previously recorded area o 
vation. Unipolar recordings in the new area of 
tion demonstrated a qR configuration. A simi 
tion was also recorded over the previous area o 
tivation. Late activation was again noted ov 
rysm in association with large-smooth Q wave: 


fragmented activation of low amplitude; these 


fel lL outside the duration of the surfade electrocar 





NN 
SS 


POSTERIOR 


imilar to the experimental observations of Daniel 
n addition, a new area of delayed activation was 
n the high lateral left ventricular free wall, beneath 
trial appendage. Unipolar recordings over the lat- 
ealed large. Rs complexes, with delayed activation 
ermined by close bipolar recordings. The right 
- outflow tract and posterior right ventricle were 
ivated significantly earlier than during tachycardia. The 
ior and lateral surface of the heart could not be 
of inadequate visualization. However, the 
of an early area of activation on the anterior 
ar.wall (Fig. 4) during sinus rhythm suggests 
probably a second area of early activation on 
right ventricle, with collision of two depolar- 

/at the right lateral margin of the heart. 
‘was placed. on. cardiopulmonary bypass and 
vas performed. No clot was found. The an- 
d from the septum around the 
base of the papillary muscles. 


FIGURE 4 (left). Epicardial map taken during ventricular tachycardia 
and sinus rhythm. isochronous surface activation maps are represent- 
ed, with lead Il ventricular complexes (paper speed 400 mm/sec) during 
ventricular tachycardia (above) and sinus rhythm (below). The open... 
arrows indicate the end of ventricular depolarization. NSR = normal. ~ 
sinus rhythm; V TACH = ventricular tachycardia. vr 


FIGURE 5 (above). Postoperative electrocardiogram showing sinus ^. T 
rhythm ev 


was resected, including the area of earliest activation dur- 
ing tachycardia. A demand pacemaker was also implanted ©... 
with myocardial leads. ares 
The patient tolerated the procedure well. His postopera-.. 
tive electrocardiogram (Fig. 5) revealed sinus rhythm, an. . 
intraventricular conduction defect and left axis deviation. . . 
The QRS duration was now 140 msec, and there were Q « 
waves in leads I, aVL anc V, to Ve. He was given a prophy- © 
lactic regimen of diphenylhydantoin and procainamide ` 
posteperatively; administration of these drugs has subse- ^ 
quently been discontinued without recurrence of arrhyth- ^ 
mia throughout 1 year of follow-up. i DUE. 


Discussion SES 
Surprisingly little is known about the origin an 
mechanism of ventricular arrhythmias des 
creasing number of recent reports of surgi 


es of impulse 












ation of the origin of ventricular ectopic beats 
vas attempted clinically by Rosenbaum and his co- 
workers, on the basis of careful analysis of the QRS 
configuration and axis of premature ventricular 
beats, coupled with deductive reasoning from their 
well known studies on hemiblocks. Kastor et al. 
used epicardial mapping to locate the origin of ven- 
` tricular ectopic beats produced by pacing or adminis- 
tration of glycosides to open chest dogs. Their studies 
- confirmed concentric spread of activity away from an 
inciting focus, suggesting the feasibility of epicardial 
« mapping to localize sites of ectopic impulse forma- 
^. tion. Subsequently, Mautner and Girotti’? correlated 
-> the configuration and axis of premature ventricular 
~~ beats evoked by subepicardial pacing with the site of 
“ventricular pacing. 
Role of epicardial mapping: Epicardial mapping 
< was used in our patient to localize the earliest site of 
epicardial activity during ventricular tachycardia. 
This area was noted on the posterior aspect of the 
: left ventricle at the margin of the ventricular aneu- 
rysm. Activation of the anterior left ventricle and of 
' the entire right ventricle was delayed relative to acti- 
“vation of the posterior aspect of the left ventricle, re- 
-sulting in an electrocardiographic pattern of right 
bundle branch block with left axis deviation. The 
„earliest point of epicardial activation during tachy- 
‘cardia occurred 25 msec after the onset of ventricular 
` depolarization. Although this finding suggested that 
' the site of the focus was endocardial or intramural, 
the hypothesis could not be safely confirmed by nee- 
dle puncture of the ventricle for fear of dislodging a 
- clot. The map obtained during sinus rhythm (and an 
electrocardiographic pattern of left anterior division- 
~ al block) revealed an area of delayed activation of the 
high lateral free wall of the left ventricle. Remark- 
_ably similar observations have been noted during epi- 
-cardial mapping of dogs with surgically induced left 
- anterior divisional block.** However, in the absence 
. of intramural recordings, no conclusion can be made 
concerning the mechanism of the delays observed in 
our case. 
"^. Differentiation of ventricular and junctional 
‘tachycardia: Preoperatively, it was difficult to de- 
termine whether the patient's dysrhythmia was a 
ventricular tachycardia or a junctional tachycardia 
with aberration and A-V dissociation. No fusion 
". beats were seen, presumably because of retrograde 
concealed conduction as manifested by our inability 
to capture the ventricle during tachycardia by atrial 
`. pacing. The failure of ventricular pacing to terminate 
the rhythm provided some evidence against A-V 
` nodal reentry. In view of the patient's poorly com- 
_ pensated hemodynamic state, we believed that sur- 
- gery was indicated, and His bundle electrocardiogra- 
phy was deferred. Such studies should be performed 
in any patient undergoing surgical therapy for tachy- 
arrhythmia, not only to identify the origin definitive- 
ly, but also to exclude such mechanisms as macro- 
ntry in the bundle branches.??-*! It should be 






























marized by Scherf and Schott.24 More precise lo- | noted that. the latter might not necessa: 


(abstr). Circulation 50: Suppl ITEIIL-82, 1974. : 






by local intervention at the area of earliest epic 
activation. This area merely represents the fir 
at which breakthrough of ventricular activ. 
pears; its identification as the site of origin 
rhythmia would require correlation with ca 
intramural recordings in the area. The foll 
servations, although not conclusive, favor 
nosis of ventricular tachycardia: (1) The 
cordings of the early area on the poster 
tricular wall revealed markedly different cc 
tions during tachycardia (Qr) and sinus rhyth 
(2) The initial forces in the standard elec 
gram were different during sinus rhythm 
cardia. (3) The area of early activation wa 
the margin of the aneurysm, and the dy: 
was abolished by epicardial pressure at this. 
subsequently by aneurysmectomy. The. 
map did not definitely prove the diagnosis, s 
alterations in activation could be explained 
lating a tachycardia-dependent right bundle 
block during tachycardia and bradycardia-dep 
block in the left anterior division during 
rhythm. (The high lateral free wall of the 1 
cle was activated later during sinus rhythm.) 
Regarding the site of origin of ventricular 
ity, Ecker et al.?? recently described a pati 
recurrent episodes of ventricular tachycar 
was found at surgery to have an aneurysm on 
phragmatic wall of the right ventricle. Howe 
tachycardia was of right bundle branch bloc 
uration, suggesting a left ventricular focus. T 
tient was successfully treated with myocardial 
cularization and plication of the aneurysm... 
Surgical treatment: Myocardial revascul. 
or resection of the aneurysm, or both, can be effe 
treatment for refractory ventricular arrhythmia 
is anticipated that both procedures will be 
en more frequently in the future. Our repor! 
strates the feasibility of localizing the site of 
disturbances. Such localization may be useful 
lineating anatomic margins for surgical resectio 
addition, when combined interventions are } 
that is, revascularization and plication, | 
may help define which intervention is respe 
abolition of the arrhythmia, depending on 
the focus lies in the territory of the aneu) 
the distribution of the revascularized corona 
tery. E 
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Addendum s 

Since submission of this paper, Fontaine et 
reported successful treatment of three patient 
ventricular tachycardia by ventriculotomy 
the site of earliest ventricular depolariza 
taine G, Frank R, Guiraudon G: Surgical 
of resistant reentrant ventricular tachyca 
triculotomy: a new application of epicard: 
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Two patients with hypertensive crises due to pheochroma 
sented with unusual features suggestive of cardiovascula 
other than pheochromocytoma. These features included tra 
tical blindness and other neurologic deficits, electroca 
changes indicative of transmural infarction and peripher 
spasm. In both patients the diagnosis of pheochromocytom 
later; removal of the tumor was followed by ready reversa 
cal and biochemical abnormalities. Management of suci 
cludes suspicion of the diagnosis in the presence of aty 
early initiation of therapy with alpha and beta adrener: 
agents and a definitive surgical procedure before periph 
changes become irreversible. When an apparent myocar 
occurs, the diagnosis of coronary artery disease cannot al 
cluded, but rapid stabilization of the clinical and electroc. 
changes after adrenergic blockade would favor the diagnosi 
echolamine-induced myocarditis. The coexistence of cor 
disease and uncontrollable arrhythmias presents an increa 
if pheochromocytoma is suspected, surgery may be nece 
the increased risk. 


Pheochromocytomas are rare tumors that originate in chrom 
sue and produce their distant effects by secretion of catecho 
The usual clinical findings of spells of headache, palpita 
and perspiration accompanied by hypertension are well kno 
ever, the recognition of hypotension, myocardial infarction. 
rhythmia and peripheral vascular ischemia as manifestati 
chromocytoma is becoming increasingly frequent. We pi 
cases of pheochromocytoma that illustrate these manife: 
the clinical clues to the diagnosis. 


Case Reports 


Case 1 


A 59 year old white woman, in good general health except for al 
of migraine headaches, noted 4 days before admission the grad 
throbbing occipital headache associated with nausea, weakness: 
She was hospitalized for observation and subsequently referred ! 
Clinic for evaluation of hypertensive crises. On admission on J 
the pulse rate was 90 beats/min and blood pressure was 170/70. 
out postural hypotension. A funduscopic examination revealed 
rowing of the arterioles but no sclerosis or focal constrictions. Th 
tion findings were otherwise normal, including data on peripher: 
cept for persistent sinus tachycardia. The fasting glucose conce 
123 mg/100 ml; the hemoglobin concentration, 17.5 g/100 ral; at 
cyte count, 18, 400/mm? (neutrophil differential, 86 percent). 
vealed grade 1 proteinuria. Results of chest. roentgenograph an 

f determination of the blood lipid concentrati 
were normal. An excretory urogram was 





a Chemical Determinations of Catecholamines 
and Derivatives 


Urine 


Blood ] i Vaniilyl- 
Catecholamine mandelic 
(ng/100 ml) Catecholamine. Metanephrine Acid 
Date of De- (normal (ug/24 hr) — (mg/2& hr) — (mg/24 ht) - 
termination 2.2-32.)) (normal <250) (normal 1.4) (normal <5.0) 
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Case 1* 
7/19/73 428; 436 a 6.7 S 
7/28/73 ide 907 5.0 11.9 
8/10/73 zex 108 0.79 4.9 
Case 2+ 
10/2/72 vus a 15.6 33.8 
10/5/72 ME: ose 9.1 13.4 
10/10/72 127.4 s n d 
10/13/72 des 613 9.3 8.1 
10/22/72 32.2 166 ade 1.8 
8/9/73 22.9 50.8 0.08 2.4 | d 
*Date of admission July 15, 1973; date of operation August 6, i 
1973. 
iDate of admission September 25, 1972; date of operation 
October 19, 1972. 
never experienced chest pain, but an electrocardiogram 
showed changes consistent with an acute anteroseptal 
infarction (Fig. 1). 
A few hours later, she regained her sight but peripheral 
vasoconstriction was still evident; the blood pressure could 
not be determined by auscultation and the peripheral puls- 
es were absent in both arms (brachial artery and distally) 
; and legs (popliteal artery and distally). Carotid and fem- 
ation and loss of R wave voltage over anterior precordial leads on ora! pulses were forceful and bounding. Catheters were in- 
na 73 “tea RES ware uini detis ers is id serted for monitoring of central vascular pressures: the ar- 
ment elavaædon In aos k, W and a arbore MO Tapia ToLo u= terial pressure was 130/70 mm Hg while the peripheral 
these changes: by July 24, 1973 R wave voltage was return- pulses were still unobtainable, the right atrial pressure was, 


normal and by August 17, 1973 it was normal and only wide- 


Sprout T. wave Inversion was evident 0 to 1 mm Hg and the pulmonary arterial pressure was 32 


(systolic) and 20 (diastolic) mm Hg. At this time, the con- 
centration of catecholamines was reported as 436 ng/100 


calcific density (diameter 2 mm) in the upper pole of ml; this, together with the report of an elevated value for 

left kidney. urinary metanephrines (6.7 mg/24 hours) (Table I), con- 
Four days after admission, the patient complained of a firmed a suspicion of pheochromocytoma. 

ounding occipital headache, “fluttering” in the chest and Ceurse and treatment: Therapy with phenoxybenza- 

“The arterial blood pressure was 190/110 mm Hg. mine given orally was started to achieve blockade of the 


Blood was drawn for determination of catecholamine alpha receptors. In addition, propranolol was given orally 
values and urine was collected tor determination of meta- for beta adrenergic blockade and the oral administration of 
ephrine values. The blood pressure returned to normal digoxin was also started. During the next 3 days, parox-. 
thout treatment. However, the next morning the blood ysms of hypertension and sinus tachycardia were treated 
essure was 205/105 mm Hg and the patient was apathet- successfully with intravenous injections of phentolamine. 
.disoriented and unable to see. Neurologic examination Serial serum enzyme values were never strikingly in- 
emonstrated evidence of cortical blindness, a left creased; they became maximal on the first day and de- 
emisensory deficit (for which the patient had no insight), creased toward normal thereafter. Serum enzyme values 
dysesthesia of the left leg and a left Babinski sign; the (IU/liter) on the first day were: creatinine phosphokinase 
"diagnosis of bilateral posterior cerebral and right parietal [CPK] 131; lactic dehydrogenase [LDH] 201; and glutamic’ 
infatetio was süggested by the neurologist. The spinal oxaloacetic transaminase [SGOT] 69. Serial electrocardio- 
: grams revealed prompt improvement (Fig. 1). Although the 
un ponsive; she was perspiring heavily and showed signs patient's sight returned within a few hours, the. sensory 
f peripher: iction: The blood pressure was un- deficits improved only gradually. On July 23, 1 
Xtainable sd he heart ra wel 144 4 em: She had after admission to th intensive « £ 


































ignored her left hand, as she had been doing previously, 
two-point discrimination was intact, and all peripheral 
pulses had returned to normal. An infusion nephrotomo- 
gram revealed a mass (5 cm in diameter) anterior to the su- 
perior pole of the left kidney. The concentration of calci- 
tonin was normal, less than 0.05 ng/ml. A pheochromocyto- 
ma was removed on the 22nd hospital day. In the postoper- 
ative period, the blood pressure and urinary concentrations 
of metanephrines were normal (Table I). The electrocardi- 
ogram at the time of dismissal is shown in Figure 1. 


Comment: Pheochromocytoma was considered in 
the differential diagnosis at the time of admission, al- 
though the past history of vasodilating headaches 
was misleading. It should always be kept in mind 
` that the paroxysmal manifestations of pheochromo- 
cytoma are often confused with vasodilating head- 
ache and focal arterial insufficiency to the brain? 
Acute myocardial infarction was suggested on the 
basis of hypotension and  electrocardiographic 
changes but, as the clinical findings evolved, these 
manifestations were attributed to excessive concen- 

rations of circulating catecholamines. Rapid reversal 
of the electrocardiographic changes and minimal 
serum enzyme changes suggested a toxic myocarditis 
rather than true transmural infarction and encour- 

d us to proceed promptly with definitive surgical 
emoval of the functioning tumor after proper preop- 
erative preparation with adrenergic blocking agents. 


‘Case 2 
A 41 year old white woman was admitted to the Mayo 
Clinic on September 25, 1972 with a 3 day history of pain in 
the left upper quadrant of the abdomen associated with 
nausea and vomiting. She had experienced syncope and 
one hypotensive episode at home. She stated that, with in- 
reasing frequency since 1969, she had had spells of a de- 
- tached, heavy feeling in her limbs, coolness of the hands 
nd feet and, at times, the sensation that the most distal 
arts were turning white and that blood was rushing to her 
wead. Facial pallor had been noted by others. She had aiso 
xperienced severe generalized headaches each day for 4 
In the month before admission, she had been aware 

emulousness, diaphoresis, nausea and malaise. - : 


FIGURE 2 (left). Case 2. Right femoral arteriogram revealing 
55 


rowing of the popliteal artery by spasm over a distance ‘of 
(arrow). "i 


FIGURE 3 (top). Case 2. Infarctive and purpuric skin lesions 


Examination revealed that she was acutely ill: the 
temperature was 38.3? C (101? F), the pulse rate 120 
min and the blood pressure 120/80 mm Hg. The left 
vertebral region was tender to percussion. The pe 
pulses were all normal. EU 

The hemoglobin concentration was 15 g/100 ml, he 
kocyte count was 16,300/mm?, and urinalysis. re 
grade 3 leukocytes, grade 3 erythrocytes and grade 
tein. Ampicillin therapy was started on admiss; 
culture on admission was sterile, as was cultt 
later, after discontinuation of antibiotic therapy. 
roentgenogram was normal; the electrocardiogram re' 
nonspecific changes in the ST-T segment. The conce 
tions of serum enzymes (LDH, CPK) were elevated bu 
patient had received intramuscular injections. An exere 
urogram revealed only mild caliectasis on the right. 

Clinical course and treatment: 3 days after a 
the patient noted the onset of painful tingling in-both 
and in the right hand. Her hands were cool and lived 
ticularis was observed in several fingers; her feet 
and pale, with mottled cyanosis, and voluntary 
ments were limited. Femoral and popliteal pulses w 
pable and equal in force, but the posterior tibial and 
lis pedis pulses were absent in both legs. An acute art 
occlusion was suspected; however, no thrombus co 
retrieved by means of a Fogarty embolectomy, and b 
al femoral arteriography in the operating room I 
diffuse spasm (Fig. 2). After this procedure, the blood pr 
sure was 130/110 mm Hg and the right dorsalis; 
was grade 4; but livedo reticularis of the lower limbs 
sisted during the next 2 days and infarctive an " 
skin lesions developed over the feet and ankles. 
skin biopsy in the area of the right lateral mal 
firmed skin infarction. The urinary metanephri 
during this period was elevated at 15.6 mg/24 hours (Tal 
I). Intravenous nephrotomograms provided no eviden 
tumor but, after preoperative preparation with adren 
blockade, a necrotic hemorrhagic pheochromoe ; 
cm in diameter) was removed from the left adrenal 
on October 19, 1972. After operation, the blood pt 
was 120/85 mm Hg and the urinary catecholamine vali 
were normal. At a follow-up examination in S | 
1973, results of cardiovascular examination, hk 
those of all peripheral pulses, were normal, as were the 
sults of chemical determinations of catecholam or 
trations. now 
































































ster of the spells, the associated pallor and dia- 
esis and the peripheral phenomena secondary to 
vasoconstriction were all clues to the diagnosis of 
oc Rromocytoma. 


Discussion 


The unusual features of these two cases of pheo- 
chromocytoma with hypertensive crisis included 
nt cortical blindness and transient neurologic 
-electrocardiographic changes of transmural 
cardial infarction with an apparent shocklike 
and severe peripheral arterial spasm simulating 
arterial occlusion and leading to skin infarc- 


'ologic manifestations: Visual changes with 
) hromocytoma are not rare but are seen more 
len in the younger age group.® Among 100 patients 
th neurologic manifestations described in detail 
m this institution, 2 were almost totally blind dur- 
paroxysm of hypertension. Cortical blindness 
ing from hypotension is well documented in 
| patients after cardiac arrest. Sabah,’ who de- 
d 12 patients with this type of blindness, sug- 
ed, after a review of published reports, that it is 
bly more frequent after cardiac arrest than is 
y appreciated. Recovery seems to depend on 
ation and severity of cerebral anoxia. On the 
and, hypertensive encephalopathy may also 
ociated with cortical blindness. Jellinek et al.® 
rted. that cortical blindness was the presenting 
mptom in three patients, two with acute nephritis 
and one with renal arterial thrombosis. The symp- 
of all three were rapidly alleviated with initia- 
ion of antihypertensive therapy. With respect to our 
ise 1; orie can only speculate on the causes for tran- 
t blindness and neurologic defects. Hypotension 
evident in the sense that no blood pressure was 
ble in the arms, but peripheral vasoconstric- 
$ severe and the intraarterial pressure was 
factory. Hence, the temporary abnormalities 
ll have been attributable to a period of severe 
mstriction with consequent anoxia rather than 
reased perfusion secondary to hypotension. 
ypotension: Although hypertension is the most 
ionly associated finding i in cases of pheochromo- 
ma? hypotension is not uncommon and may 
cur in several clinical circumstances. Orthostatic 
otension, tachyarrhythmia with hypotension, epi- 
hrine-induced hypotension and massive infarc- 
he pheochromocytoma may simulate an acute 
] disorder and be associated with hypoten- 
hock in a patient in whom hypertension 
usly had | beer maintained by excessive secre- 
$5.51! In cases with hypoten- 














ts for juu siete in "this case, but the o 


c effects of epinephrine seem: been reported in cases 


trocardiographic changes.of myocardial infarction are 
known to occur in patients with pheochromocytoma; 
in some, autopsy later reveals no demonstrable evi- 
dence of coronary artery disease. A case similar to 
eurs was that of a 41 year old woman with pheochro- ` 
mocytoma, hypertensive crises and electrocardio- 
graphic changes of acute anteroseptal myocardial in- 
farction; at autopsy, the pale and flabby myocardium 
showed no hemorrhagic areas and the coronary arte- 
ries, which had no areas of atherosclerosis, were pat- 
ent.? Catecholamines, particularly norepinephrine, 
are known to have a toxic effect on the myocardium,!^- 
1$ and this may account for mans of the slectrocar: 
diographic changes commonly reported.!” 

Myocarditis and cardiomyopathy may also be asso- 


ciated with pheochromocytoma.!? The cardiomyopa- i is 
thy may be remarkably reversible with pharmacolog- = 


ie blockade and later removal of the tumor.}9?0 As.. 
early as 1951, Allen et al.?! demonstrated remarkable 
improvement in the signs of malignant hypertension 
and congestive heart failure in a patient with pheo- 
chromocytoma in whom treatment with phenoxyben- 
zamine permitted subsequent uncomplicated surgical 
removal of the tumor. Although our patient and the ` 
patient described by Mattman? recovered well de- 
spite the relatively short interval between the initial - 


electrocardiographic evidence of myocardial infarc- — P5 
tion and the operation, there are scant data to — 
suggest the most appropriate time for tumor removal . 
when changes in the electrocardiogram and the con- ` 


centrations of circulating enzymes occur. 


Peripheral vascular disease: The signs and . x 


symptoms of peripheral vascular disease lend anoth- 
er interesting facet to this unusual tumor and its con- 

sequences. Moorhead et al.?? found vasomotor phe- 

nomena in 13 of 26 patients. A patient described by. 
Engelman et al.?? had peripheral cyanosis with ulcer- - 
ation and sloughing of the skin due to intense cuta- 
neous vasoconstriction. Hypertension and evidence < 
of peripheral vascular disease were described by © 


Scharf et al. in two patients. Both of these patients... 4 S 
had experienced intermittent claudication and in +" 


both peripheral gangrene developed without any ap: 
parent anatomic reason. 


Pheochromocytoma was not initially suspected in ui 2 
our second patient. The vasomotor phenomena were . 
attributed to acute arterial occlusion. Arteriography, - 


the failure to retrieve a thrombus and the improve- - 
ment in the pulses after catheterization suggested 
strongly the possibility of arteriospasm and led to. 





suspicion of pheochromocytoma with hemorrhage . e 
into the tumor. Adrenergic blockade and tumor re- — 








mowal were followed by return of the peripheral puls- i 

es to normal. 
Both of our patients had leüküeytosii: this als 

Pheochtomecy te año 
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1 inical diagnosis : nd dieatmeut: Our tivo cases. appro (ide iis 
strate the diverse effects of a sudden excess of cir- . thediagnostic biochemical tests 
ting catecholamines on the cardiovascular sys- ma.2’8 A long delay before definitive: 
Both were characterized by severe peripheral ment may be deleterious, particularly if 
oconstriction and initial clinical findings sugges- blockade is ineffective; this may occur wit: 
of other cardiovascular disorders. Such changes, tractable arrhythmias. For the medical 
en due to pheochromocytoma, are readily revers- ment of such cases, a-methyl-p-tyrosine, an 
le; it is therefore important to suspect the diagnosis mental agent that inhibits catecholamine 
jen an atypical course suggests that the initial diag- could be considered.” A dilemma arises when 
osis is incorrect or when clinical clues to pheochro- parent myocardial infarction occurs and the q 
~ytoma are present. There may be transient eleva- of obstructive coronary artery disease ari 
ons of catecholamine concentrations in patients cannot always exclude this possibility, but 
yho are seriously ill—as, for example, after myocar- bilization of the electrocardiographic changes: 
dial infarction—and serial determination of blood clinical condition with adrenergic blockade w 
and urinary catecholamine values may be neces- evidence of a toxic myocarditis produced b 
sary? In our institution, plasma catecholamine culating levels of catecholamines. Even if | 
alues exceeding 150 ng/100 ml have occurred only in artery disease is present and uncontrollable. 
patients with pheochromocytoma.?6 Alpha and beta mias exist, one may well need to proceed w witl pe 
paroncrgic blockade should be initiated early with tion despite increased risk. 
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A well documented case of combined hypertrophic subaortic stenosis ^ 
and calcific aortic stenosis is reported. Detection of multilevel involve- . 
ment in cases of left ventricular outflow obstruction requires a high- 
index of suspicion and precise hemodynamic and angiographic docu- — 
mentation. Careful analysis of the total data base is necessary for. 
proper management of the patient. The pathogenesis of this combined. 
lesion is unclear: Asymmetrical septal hypertrophy may occur asa = 
consequence of the valvular stenosis, or it may be that abnormal leaf- - 
let motion in patients with hypertrophic obstruction produces leaflet. 
thickening, calcification, deformity and stenosis. l Eu 





Since its description by Brock! in 1957, the relation between hyper- 
trophic subaortic stenosis and other disorders of the cardiovascular. 
system has been the subject of a great deal of speculation. Thus, the = 
reported coexistence of hypertrophic subaortic stenosis with hyper- ^ 
tension,'~4 discrete valvular aortic stenosis," discrete subvalvular ` 
aortic stenosis,*? coarctation of the aorta,!? aortic regurgitation, 
pulmonary arterial banding,!? mitral regurgitation,? rheumatic myo- x 
cardial disease,!? septic shock! and aminophylline therapy!? has sùg- |. 
gested that, in addition to the familial, “primary” form of hypertro- -< 
phic subaortic stenosis, this functional abnormality could be acquired | 
secondary to various stimuli causing focal or diffuse myocardial hy- = - 
pertrophy. Mu 
We describe a patient with coexistent calcific aortic valvular steno- ` 
sis and hypertrophic subaortic stenosis proved by hemodynamic and 
angiographic findings and we emphasize the importance of consid- . : 
ering multilevel involvement in the diagnosis and management of pa iE 
tients with obstruction to left ventricular outflow. ES 


Case Report 


An 83 year old man had been aware of a heart murmur for approximately Vu 
40 years and had experienced exertional dyspnea and orthopnea for approxi- | 
mately 5 years before admission. Digoxin therapy had not improved his 
symptoms and perhaps had made them worse, causing some degree of dizzi- . 
ness. He had not experienced syncope but noticed that mild exertion aftera - 
large meal often caused a substernal pressing sensation that was rapidly. re>. 
lieved by rest. i 

A son, aged 35, has had multiple cardiovascular evaluations because of a Rio 
congenital heart murmur, but has not undergone cardiac catheterization. . 
Further details concerning this murmur are not available. We have examined: 
two other children and five grandchildren; their physical findings. and echo S 
cardiograms did not reveal subaortic stenosis. ; a 
Physical examination revealed an alert, vigorous. man oho. appeare 






























FIGURE 1. Electrocardiogram (ECG), apex cardiogram (ACG), carot- 
|'id pulse tracing (CAR), left sternal border (LSB) and apex phonocar- 
* diograms, demonstrating ''shudder'' and late systolic plateau in ca- 

rotid tracing, a. prominent systolic ejection murmur, a fourth heart 

sound, an attenuated aortic closure sound and presystolic and “‘sec- 
' systolic waves in the apex cardiogram. 


costal space at the anterior axillary line with a palpable 
systolic impulse, and a late systolic bulge medial to the 
pex impulse (Fig. 1). There was no right ventricular hy- 
peractivity. Auscultation revealed a prominent systolic 
. ejection murmur that peaked late in systole and ended be- 


fore a normally split second heart sound. There was no 
ejection click. The first heart sound (Sı) was diminished 
: whereas the fourth (S4) was prominent. An early diastolic 
blowing murmur was heard at the upper left sternal border. 
"The systolic murmur changed little with the Valsalva ma- 
.;meuver or squatting; on beats following premature ventric- 
ular contractions it increased markedly, while the simulta- 
ously palpated carotid pulse was diminished in ampli- 
e. 

T'he electrocardiogram revealed left ventricular and left 
atrial hypertrophy; chest roentgenogram and fluoroscopy 
emonstrated left ventricular hypertrophy and calcium in 
the region of the aortic valve and mitral valve annulus. An 
chocardiogram (Fig. 2) revealed dense echoes from the re- 
ion of the aortic valve leaflets suggesting aortic valve cal- 
cation, and in addition revealed systolic anterior motion 
he anterior mitral leaflet suggesting a diagnosis of hy- 
trophie subaortic stenosis. The interventricular septum 

‘could not be adequately defined. 
"The patient underwent right and left heart catheteriza- 
on from the right arm by cutdown procedure and percu- 
ianeous transseptal left heart catheterization from the 
ht femoral vein. The transseptal catheter was placed in 
left ventricular inflow area in a position just across the 
al valve, free of catheter entrapment. A no. 8F Nation- 
Institutes of Health catheter, advanced from the right 
rachial artery, was passed with considerable difficulty 
the calcified aortic valve to a stable position in the 
ntrieular outflow area just below the aortic valve. 
nic arterial pressure was measured with an 18 gauge 
ournan needle placed in the left brachial artery. Hemo- 

are presented in Table I. 
neous pressure recordin 


LEFT 
ATRIUM 


ANTERIOR 
LEAFLET M 
MITRAL > * 
VALVE 


B. ; : 
FIGURE 2. Echocardiograms. A, aorta, aortic valve and left 
showing dense echoes from region of aortic leaflets sugge 
let calcification. B, mitral valve anterior leaflet showing sys 
rior motion (SAM). 


TABLE | 
Hemodynamic Data 


Valsalva 


Pressures (mm Hg) Basal State Maneuver 
LV inflow 177/20 195/21 
LV outflow 160/20 150/21 


Brachial artery 134/50 110/50 





Cardiac output (liters/min) 

Cardiac index (liters/min per m?) 

Aortic valve area (cm?) 

Total effective LV outflow area (cm?) (basal stat 
LV end-diastolic volume (cc) ; 
LV end-systolic volume (cc) 

LV ejection fraction (%) 


LV = left ventricular. 


the retrograde catheter placed just below the aor 


and the Cournand needle in the left brachial artery. Di 


systole there were simultaneous gradients betwee 
ventricular inflow and left ventricular outflow 
between the left ventricular outflow area and th 
chial artery. In beat four, after a prematur 
gradient between the left ventricular inflow and 
areas increases as the left ventricular outfl and 
chial arterial systolic pressures decrease a 
chial arterial pulse pressure narrows. These her 
findings are characteristic of hypertrophic obstr 
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plane left ventricular angiogram revealed the typi- 
I angiographic findings of hypertrophic subaortic steno- 
sis, and a calcified, thickened and relatively immobile aor- 
c valve. A frame from the lateral left ventriculogram dur- 
ing systole (Fig. 4) reveals the abnormal anterior position 
of the anterior leaflet of the mitral valve; the hypertrophied 
intérventricular septum; a mitral regurgitant jet, possibly 
related to the transseptal catheter; thickened aortic valve 
leaflets with a central jet across them; and a relatively 
“small nd-systolic volume. A supravalvular aortic root in- 







spid aortic valve. 
Discussion 


sac RSEN AE MER 


FIGURE 3. Simultaneous recording, 
after amyl nitrite inhalation, of pres- 
sures from  transseptal catheter 
placed at the left ventricular (LV) in- 












just below the aortic valve (LV out- 
flow), and left brachial artery (LBA). 
See text for details. 















aortic stenosis and hypertrophic subaortic stenosis. 
The coexistence of functional subaortic stenosis with 


other forms of left ventricular outflow obstruction 


has been the subject of comment since the initial de- 
scription of hypertrophic subaortic stenosis by 
Brock.! 


One might speculate whether fixed left ventricular . 
outflow obstruction precisposes to the development ` 
of hypertrophic subaortic stenosis and if so, would re- 


lief of the fixed obstruction result in resolution of the 
functional hypertrophic subaortic stenosis? The an- 


swer remains speculative, but several reports!®16 . 
suggest that functional outflow tract obstruction can _ 
be alleviated by relief of fixed obstruction. If this is. 

so, a strong argument can be made that the function- ., 







al component of the left ventricular outflow Morus 


flow area, retrograde catheter placed :' 



























case did not appear congenitally bicuspid. Cal- 
ortic stenosis on a tricuspid aortic valve in a pa- 
3 years of age is not unusual, but the longevity 
the murmur and the duration of symptoms of con- 
ive heart failure and angina pectoris in the ab- 
ce of progressive myocardial dysfunction suggest 
it the hypertrophic subaortic stenosis antedated 
e calcific aortic valvular disease in our patient. It is 
possible, given these considerations, that hypertro- 
phic subaortic stenosis might behave like discrete 
.subvalvular aortic stenosis with respect to causing 
.damage to the aortic valve proper. It is possible 
that the rapid aortic leaflet oscillation seen by echo- 
.. cardiography in patients with hypertrophic subaortic 
“stenosis abnormally stresses the valve and might pro- 
| duce valve thickening, deformity, calcification and, 
ultimately, stenosis. If so, calcific aortic valvular dis- 
ease may be part of the late-life natural history of pa- 
ients with hypertrophic obstructive cardiomyopa- 
hy. In this regard, cases of aortic regurgitation com- 
plicating hypertrophic subaortic stenosis have been 
recorded but are the distinct exception rather than 
e rule. 1119.20 
Diagnosis: Proper management of these patients 
juires alertness to the possibility of multilevel left 
ventricular outflow obstruction and careful angio- 
graphic and hemodynamic documentation of the sites 
and functional characteristics of the obstructions. 
The most important hemodynamic data to document 
re (1) the characteristic postextrasystolic decrease 
in peripheral pulse pressure seen in hypertrophic 
subaortic stenosis, and (2) the two separate levels of 
obstruction, using appropriate pressure recordings 
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ugh calcific aortic stenosis appearing late in _ 
ife often occurs on bicuspid valves," the aortic valve — 





production of hypertrophic subaortic stenosis. J Thorac Cardio- <. 







and ventriculography. In our case, bo 
and retrograde left heart catheterizatio 
taken to document the levels of. l 
lieve that these techniques are preferable to 
tracings from the left ventricular body to th 
because they avoid (1) the problem of cathete 
trapment and (2), in the setting of discrete 
aortic stenosis, the considerable amount of t 
can be spent attempting to cross, the steno 
valve for several pullback tracings. Biplan 
ventriculography is also helpful in depictin: 
acteristic abnormality of mitral valve motiot 
Treatment: Assessment of the contributii 
each of the coexisting lesions depends upon 
interpretation of the data obtained from the 
physical examination and hemodynamic studi 
our case, the history suggested that hyp 
subaortic stenosis was probably responsible 
patient's symptoms and that the valvular ao 
nosis and regurgitation were less important; 1 
culated area of the aortic valve orifice subst: 
the clinical findings. Correction of the aortic 
sion theoretically could have increased the in 
of the functional hypertrophic obstructio: 
aggravating the patient's symptoms. How 
evaluation of the data indicates that aortii 
ease is the dominant problem, managem: 
haps more difficult; thus the need for left 
septal myotomy, as performed by some s 
this setting," is difficult to assess preoperati! 
labile nature of the hypertrophic outflow obst 
in these patients makes management of intrav 
volume, blood pressure, heart rate and use 
tropic drugs in the postoperative period of cru 
portance. st 
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.. Introduction 
























Management of patients with valvular heart disease has changed dramatically in 
- the last 25 years because of various surgical maneuvers. At this time, it is appro- 
priate to take a look at the results and current status of valve replacement. 

In this Symposium I have attempted to provide an overall perspective on the 
accomplishments, problems and unanswered questions of cardiac valve replace- 
ment. In his paper Bristow reviews the hemodynamics before and after valve re- 
placement. Maron and his colleagues from the National Institutes of Health 

. present evidence of altered myocardial ultrastructure in some patients with aor- 

tic valve disease. Such alterations may be the cause of impaired ventricular 
function in patients with valvular heart disease. Also from the National Insti- 
tutes of Health, Roberts and co-workers look at the disc prosthesis from the 

. viewpoint of pathology. They have previously presented data on ball valve pros- 
theses (Prog Cardiovasc Dis 15:539, 1973). Bonchek and Starr present a detailed 
review of their extensive experience with ball valve prostheses, and Brawley and 
his colleagues from Johns Hopkins Hospital evaluate the results of use of other 
prosthetic devices. Wallace from the Mayo Clinic presents his experience with 

=: use. of tissue valves and also reviews the results of others. The important 
subjects of the diagnosis and management of the complications that arise from 
„prosthetic valve replacement are covered in depth by Kloster. Finally, Porter 
and co-workers review renal involvement in patients with valvular heart disease. 
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Valve Replacement—a Perspective 


-SSHAHBUDIN H. RAHIMTOOLA, MB, Several potential hazards in the evaluation of patients with 
|... FRCP, FACC placement are emphasized. A more uniform method of anal 

is urgently needed. In the symptomatically disabled patier 
mitral valve replacement have improved both the quality of 
length of life, provided that the disease is not far advanced 
lation with sodium warfarin is still needed in patients wit 
valves. Many important questions, including those related to. 
function and choice of prosthetic devices, remain unanswe 
cost-benefit ratio and a weighting of various complications o À 
placement should be assessed. Many factors have to be tak: 
count before considering valve replacement early in thë cou 
patient’s disease. ; cR 


Portland, Oregon 


The first diseased aortic and mitral valves were replaced 
valve prostheses in 1960 by Harken! and Starr? and their 
The first homografts were utilized a few years later for a 
replacement by Ross? and Barratt-Boyes.* Since then, we hi 
a long way in our knowledge and understanding of valve repl 
and the problems that may arise from it. It is clear that 
placement has been the most important advance in the last 
for the management of patients with valvular heart disec 
saved many lives, has enabled an even larger number o 
lead a more active and useful life and has reached a stage 
patients with valvular heart disease should be consider 
candidates for surgery. However, our knowledge is still 
and this Symposium is intended to provide an overview of 
and current status of valve replacement. 


Evaluation of Results 


In evaluating the results in patients who have undergor 
placement, there are several hazards to be considered: > 
1. Comparison of data from different studies can be 
Accurate comparison of the results of two studies, whet 
from the same center or from different centers, requires t 
tient populations at the start of the studies be identical. s 
ation can perhaps only be obtained by a prospective rand 
e Drian ot okoy, Depstimeni o vestigation, which is unlikely to be performed today. 
techs wi tinvsraly dí Graben Medien Beek 2. Methods of analysis of data vary from center to center 
Portland, Ore. This study was supported in part techniques probably provide the best approach.*? For ex 
/ Program Project. Grants HL. 06336 and HL sider the hypothetical complication X illustrated in. Fig 
461 from the National Heart and Lung Insti- incidence of this complication at the end of 2 years is 1.5 
a- Natonal! irautea erg enero at 5 years appears to be 8 percent. However, an actua 
MB, Division of Cardiology, University. ot Cre-: the complication rate would show that, if all patients we 
Medical School, 3181 S.W. Sam Jackson _—‘for 5 years, 60 percent of them could be expected to ha 
MOD o Ix 


rk Rd., Portland, pouce E .. plication by the end of the 5 year period! This example 
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propriateness of drawing long-term conclu- 
a short follow-up period. The length of the 
period is also important in regard to unpre- 
oblems that arise several years after valve 


ctuarial curves are used, it is important to 
hat mean survival rates alone provide inad- 
rmation because the precision of the esti- 


| to determine the mean. A measure of this 
is provided by the standard error of the 
general, the use of plus and minus 2 stan- 
ors of the mean provides a 95 percent confi- 
Iterval for the true mean; that is, 95 percent 
ne the true mean will lie within the estimat- 
tandard errors? As illustrated in the left panel 
ure 2, the mean survival curve of the surgically 
patients appears to be superior to that of the 
sally treated patients. However, consideration of 
standard error and P value shown in the right 
his figure reveals that this difference was 
istically significant. 
n additional point to bear in mind when com- 
'esults of medical and surgical treatment is 
illy treated patients should be compared 
1 mand treated patients whose condition 














dat fion. surgical survival rates are TON 
long-term results of various devices. 
s essential to add all the mortality data 
ral statistics to obtain a eatin idea of 
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ration of the importance of analyzing complication rates by actuarial techniques—a hypothetical example. The data are tàbulat- pei 
iel, and actuarially determined noncomplication rates are shown in the center panel. In the total group of 400 patients, the com- SM 
at 2 years is 1.5 percent (right panel). The apparent complication rate at 5 years is 8 percent but actuarial analysis shows that if 
Joliowad up for 5 years the mean complication rate could be expected to be 60.0 percent (-E8.1 percent). 





one should be careful about extrapolating data from ^... 
one device to another, or from one model of a device = <- 
to another model of the same device. Even subtle = 
changes in design intended to reduce complications 
may introduce new, unexpected problems.! 
6. Preoperative information on patients undergo: jd 
ing valve replacement should be carefully scrutinized. 
If patients are operated on without undergoing com- 
plete preoperative hemodynamic studies, then it is. 
possible or even likely that some of them do not have . 
severe valvular disease. For example, assessment of « 
the severity of valvular aortic stenosis has a “signifi- 
cant" error rate when such evaluations are obtained 
only by clinical methods. Therefore, the critical ob- 
server would have a nagging doubt about the severity — 
of aortic stenosis if many surgically treated patients ^ 
in a series had not been adequately studied. 2 





There are many important conclusions to be 
drawn from the 15 year experience with valve re-. 
placement: usos 

1. It is clear that in the symptomatically disabled — 
patient with aortic or mitral valve disease, valve re- > 
placement provides considerable improvement in _ 
both the quality and duration of life, provided thar 
the disease is not far advanced. 

2. I am persuaded that the evidence seen so far in-. 
dicates that all patients with a prosthetic valve 
should receive anticoagulant therapy}? provided 
there are no contraindications to such treatment 
This means that patients should receive sodium war 
farin or similar anticoagulant agents. A desirable goa 
is the development of a prosthesis for which the | 
tient would not require anticoagulant: the 
introduction of the cloth-covered prosthes 
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Years after Angiography: 


“FIGURE 2. Comparative survival curves of two groups of patients with left main coronary artery disease: surgically treated pa ti 
medically treated patients whose condition was considered operable (triangles). Comparison of mean survival shows à large f 
years between the two groups (left panel). Provision of the standard error of the mean and the P value (right panel) shows that the 

“intervals for the mean are large and the difference between the two curves is not significant. (Adapted by permission from DeMots 


luced,!? and this promise has been fulfilled provided 
t anticoagulant agents are used.!4 If anticoagula- 
n is not to be used or antiplatelet therapy alone is 
to be given, the value of these measures as opposed to 
odium warfarin therapy should be proved under 
controlled conditions in light of the small incidence 
of thromboembolic phenomena in patients with a 
‘cloth-covered prosthesis receiving anticoagulant 
therapy.'4 To show a significant difference between 
the effects of anticoagulation and nonanticoagulation 
„in patients with some of the cloth-covered prosthes- 
.es, it would be necessary to study a large number of 
patients. Unfortunately, man is the only species for 
‘such a trial. But it is important to obtain this infor- 
mation and it is equally important that the patients’ 
'ooperation be sought for such studies and that they 
be fully informed of the nature of the trials. 
- 3: Successful reoperation on patients for replace- 
ment of a prosthesis can be-achieved with the same 
operative mortality risk as for the first operation. 
“4, Patients with isolated aortic valve replacement 
. can have additional aortocoronary bypass operations 
-with no increase in operative or late mortality.!5 The 
operative mortality rate for patients with combined 
rheumatic mitral valve and coronary artery disease is 
.also low. However, that for patients with nonrheu- 
matic mitral valve disease and associated coronary 
_ artery disease is quite high.!5 
5. The long-term results of valve replacement for 
ricuspid valve disease are less satisfactory and less 
eliable than those of valve replacement for aortic 
d mitral valve disease. 


Unanswered Questions 
Many questions remain unanswered. For example: 


Do. asymptomatic patients or those with minimal. 


symptoms have anything to gain from val 
ment? What is the influence of valve re 
patients with impaired left ventricu 
Does ventricular function stay the sam: 
deteriorate, and can these results be relial 
ed preoperatively? Can left ventricular per 


be preserved by early operation? ; 

A large number of devices and materials 
able for replacing cardiac valves in man, bu 
not categorically say which are the best f 
placement. The answers are not availa 
major reasons: B 

1. The patients receiving different prosth 
generally not been identical in age, sevet 
and other characteristics. To reiterate, be 
comparison of devices can be made, it is 
that we know that the condition of pat 
ceive the different devices is identical or & 
lar. Such a situation can be obtained onl 
spective randomized study. Alternativel 
son of patients from different centers o $ 
skill could be made only if all patients at. 
center received one kind of device. Stu 
a built-in bias in patient selection vitiat 
meaningful comparison of the value 
kinds of prostheses. So far, the comp. 
evaluation of-various prostheses has occu 
process of trial and error. McGoon!6 has p 
quently that “we must attempt a more 
process of innovation and evaluation, 
well-being of our patients can be more ce 
tected.” This suggestion needs to be re 
and enthusiastically supported. ts 

2. Data analysis from various centers has 
uniform. It is preferable for the evalua 


‘sults of cardiac valve replacement tha 
























































tly by. Anderson and co-workers from Oregon.!8 
importance of analyzing data in an actuarial 
nanner has been alluded to earlier. We have surely 
iched a stage when an agreement could be reached, 
rhaps under the sponsorship of the various cardiac 
nd surgical societies or the National Institutes of 
th, for uniform reporting of data in patients with 
replacement. 








aluation of Surgical Compiications and Risk 


ince all valve replacement devices have some 
roblems, we have to balance the risks when consid- 
ng patients for valve replacement. In this regard, 
ain features need emphasis: 

. We are treating, in many instances, a serious 
that severely reduces life expectancy. For ex- 
ple, the : average survival of the patient with symp- 
atic severe aortic stenosis is 3 years or less.!? The 
nosis of such patients is worse than that of pa- 
ents with many malignant disorders. 

2. Many important variables should be considered 
valuating the choice of a device for valve replace- 
nt. These are durability, hemodynamic character- 
romboembolism, assurance of function, 
y and choice of size of valve, ease of inser- 
record of survival.2° 

mplications do net produce the same de- 
| disability; therefore, it is necessary that we ac- 
ne form of grading for the complications 
valuating the results of valve replacement. For 
nple: (a) Death is obviously the final and most 
rtant complication. (b) Malfunction of the de- 
ould be considered a severe or mild complica- 
For example, an obstructed prosthesis is a se- 
1 mplication, whereas valvular incompetence of 
imal degree is a mild complication. The speed of 
al onset of prosthetic malfunction should also 
given consideration. For example, the sudden 
king of a disc or a ball produces a much more seri- 
complication than does the slow degeneration 
'er à period of years of another replacement device. 
e frequency with which a prosthesis needs re- 
ig is a significant consideration. A second opera- 
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e Mayo Clinic group!” and subse- 





major or minor. Severe hemolysis that cannot be cori- 


trolled and requires a second valve replacement is of 


much more serious import than minor degrees of he- 


molysis that require no therapy or that can be con- 


trolled with oral iron therapy. The latter is just a 
mere inconvenience to the patient with a serious dis- 
ease. 


Early Valve Replacement 


Finally, valid questions are being asked about |. 


valve replacement early in the course of the pa- 
tient's disease.'4,29.21 This is largely because of the 
reduction in operative mortality during the last 10 
years, the availability of better valve replacement de- 
vices and the clarification of early long-term results 
(that is, 5 years). Before valve replacement becomes 
routine in the early clinical management of patients 
with valvular disease, certain points should be kept 
in mind. Current data (including operative mortality) 
indicate that about 60 to 65 percent of patients given 
anticoagulant therapy who receive a prosthesis of a 
type that has been in use for 5 years can be expected 
to be alive and free of major complications 5 years 
after operation.!* If a change were introduced in the 
device used for valve replacement, it would be neces- 
sary to prove that the new model provided the same 
or better survival data before the indications for sur- 
gery were widened. Such survival data must also be 
compared with the expected natural history of pa- 
tients treated only medically. Since it has been pro- 
posed that patients with minimal or no symptoms 
shouid be operated on, mere demonstration of pa- 
tient survival after surgery is inadequate. Longer du- 
ration of the symptom-free state, good cardiac func- 
tion and gainful employment are equally important 
considerations. The physician and surgeon have joint 
responsibility in weighing these factors, and the pa- 
tient should be an informed partner. 
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A brief review of the pathophysiology of aortic and mitral valve disease 
and the hemodynamic results of valve replacement with caged ball 
prostheses are described. In most patients intracardiac pressures are — __ 
restored to normal at rest, although there are small pressure gradients ^ 
across mechanical valves. Severe pulmonary hypertension, if present, — 
usually will regress. With exercise, abnormalities of left atrial pressure BE 
or left ventricular function may be found after valve replacement, The 
causes of failure to achieve hemodynamic improvement with surgery My 
and the late return of congestive failure are discussed. 


This paper reviews the effects of ball valve replacement on the circu- 
latory pathophysiology associated with valvular heart disease. Me- 
chanical myocardial dysfunction persisting after surgery or devel- 
oping late after valve replacement is also given attention. Certain = 
other postoperative problems, such as those resulting from prosthetic 
dysfunction, are considered elsewhere in this Symposium but are. 
mentioned briefly. Most of the information reviewed herein has re- 0 
sulted from study of patients with Starr-Edwards prostheses.i-9 


Pathophysiology of Mitral Valve Disease 


Mitral stenosis: The narrowed orifice is associated with a diastolic: 
pressure gradient across the valve, usually leading to increased left. 
atrial and pulmonary arterial pressures. Symptoms generally begin 
when the mitral valve area decreases to less than 1.5 cm?, and “se- 
vere" stenosis has been defined" as an area of less than 0.9 cem?. Ata 
critically reduced mitral valve area, reached over a period of years, . E 
left atrial and puimonary capillary pressure levels may be sufficiently. m 
high to verge on pulmonary edema. With further valvular narrowing, k 
there is generally a decline in cardiac cutput instead of a greater rise = 
in left atrial pressure, and consequently pulmonary edema is fore- 
stalled in some patients. The mechanism producing this adaptation is 
not known. pe 

There are several patterns in the spectrum of mitral stenosis that GS 
may or may not follow the foregoing sequence with preservation ofa 
relatively normal cardiac output and progressive increase in left atrial 
pressure until “critical” stenosis is reached. In some patients left atri- 
al pressure will inerease considerably, a relatively normal cardiac out- 
put will be maintained and the level of mean pulmonary arterial pres- 
sure will not be greatly higher than that of mean left atrial pressure; — 
that is, pulmonary vascular resistance is not substantially elevated. . 
In other patients eardiac output is reduced and left-atrial presume is. 
somewhat less elevated, occasionally even in the normal tange” 
mechanism by which this adaptation occurs remain: specu! 
nally, there are those whose atrial pressure k 
and. whose cardiac output. is abnormally « 





















-pulmonar arterial pressures: that mage: > i 
levels for nd in the systemic circulation. Right 
ular failure may supervene in these patients - 


iy also occur without such profound pulmonary 
ension. ^ 
significance of tachycardia with atrial fibrilla- 
or exercise, reducing the diastolic filling time in 
tral stenosis, is a well recognized cause of acute el- 
vation of left atrial pressure.’ The increase in cardi- 
c output with exercise is typically subnormal or even 
fixed. Although various abnormalities of the left ven- 
ricle have been suggested in mitral stenosis, they re- 
jain to be conclusively understood.9-!? 
‘Mitral regurgitation: The problem in mitral re- 
urgitation is different, but some of the consequences 
are the same. 13 Left atrial pressure is increased be- 
cause of the regurgitant volume, and again various 
combinations of increased left atrial pressure, pulmo- 
‘nary vascular resistance and reduction of the forward 
cardiac output can be found. As in mitral stenosis, 
right ventricular failure may become a factor. An ad- 
ditional factor is the need for the left ventricle to 
pump an abnormally large stroke volume, comprised 
f a forward (or effective) volume and that which re- 
urgitates into the left atrium. Thus, left ventricular 
nd-diastolic volume is abnormally large.1415 When 
egurgitant orifice is large, the preferential path 
systolic egress from the ventricle is the left atrium, 
ich presents a low resistance outlet, compared 
ith aortic pressure. Thus, the regurgitant volume 
y substantially exceed forward flow.!^ 15 Occasion- 
lly, severe mitral regurgitation may be seen with 
ormal left atrial pressure in association with a 
marked increase in left atrial distensibility.!7 
"In mitral regurgitation, left ventricular perfor- 
-mance appears to be an important determinant of the 
outcome of valve replacement, and the requirement 
the ventricle to face a higher impedance to out- 
w after cessation of regurgitation may not be met 
a normal fashion.!5:1? 


Hemodynamic Results of Mitral Valve 
Replacement 


n patients with mitral stenosis a fundamental goal 
restoration of resting left atrial pressure to normal 
a result of an increase in effective mitral valve ori- 
fice area. There was confusion in past decades about 
he results of mitral commissurotomy, which we be- 
lieve was due to uncertainty about the effects of op- 
oration on the basic hemodynamic variables. Any im- 
portant hemodynamic changes seem related to the 
ability of an operative procedure to restore left atrial 
ressure to normal. For example, pulmonary vascular 
sistance and pulmonary arterial pressure can de- 
ine from radically elevated values if left atrial pres- 
sure returns to normal. The resting cardiac output 
yften will increase as well, despite substantially low 
perative values. In mitral regurgitation, abolition 
egurgitant flow is obviously the goal. 


ith prosthetic devices used to replace the mitral - 


ch as the Starr- Edwards. mode ls 


FIGURE 1. Upper tracing, superimposed paid a 
and left ventricular pressures in a patient with mitral steno: 
operation (preop). Lower tracing, superimposed le! 
ventricular pressures after mitral valve replacement 
same person. In both examples, the mitral. transv; 
pressure gradient is the shaded area, and becomes. ay 
valve replacement. 


and 6310-6320, a small diastolic pressure gra 
found between the left atrium and ventricle at 
24 (Fig. 1). These mean gradients average from 
mm Hg, depending on valve size, heart ra 
output and probably other factors. The mo 
had a very short period of use because late T 
ents were commonly found .?526 

In several studies, resting mean left atrial 
after mitral valve replacement averaged: 
and the cardiac output about 2.7 liters/min 
generally higher than preoperatively.??-242 
ed “effective” mitral valve orifice areas h. 
from 1.9 to 2.6 cm?. Changes in cardiac cham 
ume vary greatly, depending on the mit 
chronicity and unknown factors. A remark 
after mitral replacement is presented in Fi 

Persistent high left atrial pressure: À 
high left atrial pressure persisting after mit) 
replacement must be evaluated in terms. 
ventricular diastolic pressure and functio 
prosthesis. An unexpectedly large pressur 
could be due to a paravalvular leak produ: 
regurgitation (and thus elevated diastolic t 
lar flow) or to partial obstruction of the p 
this setting, the possibility of mitral regu 
must be evaluated by left ventricular angio; 
Significant left ventricular dysfunction as 
persistently increased left atrial pressu 
duce a gradient of the usually expected size 


-sociation with elevation of left ventricular 
-stolic pressure”? 728,29 ? Pig. 8). All F three 








"the relative importance of. each: even when he- 
mic and angiographic data are complete, may 
rmidable problem. 

erative pulmonary arterial pressure: In 









laien is the return of pulmonary arterial pres- 
rom systemic levels to close to normal, even 
] ze is associated with an increase in 
key. eterminant is the return 
pressure to otmal. Right ven- 










FIGURE 2. Chest films before and after mitral 
valve replacement in posteroanterior (upper) 
and left lateral (lower) views. This patient had 
the greatest decrease in left atrial size that we 
have observed after valve replacement. 


FIGURE 3. Left, preoperative pulmonary arteri- 
al wedge and left ventricular pressures in a pa- 
tient with mitral stenosis and regurgitation: 
Mean wedge pressure was 22 mm Hg. Right, 
postoperative left atrial and left ventricular pres- 
sures. The mean mitral valve diastolic gradient 
is less than 5 mm Hg. Despite V waves with 
peaks at 30 mm Hg, no mitral regurgitation was 
seen with left ventricular angiography. Left ven- 
tricular ejection fraction was 0.67, but end-dia-. 
stolic pressure was 17 mm Hg. Thus, an appar- 
ent left ventricular abnormality, relatively mild in 
terms of emptying ability of the ventricle, re- 


sulted in no significant change in mean left atrial. ` 


pressure after technically successful valve re- 
placement. 


pressure would be expected to decrease as pulmonary 
vascular resistance decreased postoperatively, assum- 
ing no persistence of tricuspid valve disease, func- 
tional or otherwise. 

Residual left ventricular dysfunction: In con- 






trast to overall hemodynamic studies, there have. x 







been few systematic studies of left ventricular myo- 
cardial performance after mitral valve replacement. 






Some workers have suggested that chronic ventricu- . 


lar dilatation and alow enpedanen outlet for € ven- 
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RE 4. Lett, preoperative simultaneous left ven- 

lar and brachial pressures in a patient with aortic 

tenosis. who has a peak systolic gradient of 70 mm 

Hg. Right, postoperative left ventricular and aortic 

4pressures demonstrate a small gradient across a 
-::Gloth-covered Starr-Edwards aortic valve prosthesis. 


“function can produce clinical difficulties but both its 
frequency and the basis for it remain somewhat ob- 
scure. 

= Exercise in patients with a prosthetic mitral 

. valve: Although left atrial and pulmonary arterial 
pressures may be normal at rest, there is, in effect, 
mild mitral stenosis associated with prostheses. The 

- small resting transvalvular pressure gradient across a 
prosthesis increases with exercise because of a de- 
crease in diastolic filling time and an increase in 
transvalvular flow rate. In the early series of patients 
undergoing mitral valve replacement, the mean left 

atrial pressure averaged about 20 mm Hg during ex- 

"-ercise in association with an increase in cardiac out- 

` put of about 1 liter/min per mê. Transvalvular mean 

` gradients have been 8 to 10 mm Hg during exercise. 
"The adequacy of the cardiac output response to ex- 
ercise has to be judged in relative terms. In most pa- 

- tients, output is increased, but often to a subnormal 
degree in relation to oxygen consumption, and at the 

. eost of an elevated left atrial pressure, as described. 

_ The "exercise factor” has often been used to evaluate 

the cardiac output-oxygen consumption relation 
when comparisons are made between rest and exer- 
cise. A value of 5.5 ml increase in cardiac output/ml 
increase in total body oxygen consumption has been 
used as the lowest limit of normal?* and often is not 
quite achieved by these postoperative patients. 

Nonetheless, the cardiac output does increase in 
most. These conclusions apply to patients with mod- 

‘els 6000, 6120 and 6310-6320 of the Starr-Edwards 

^^ geries. 

| [n summary, most patients experience symptom- 

- atic relief after mitral valve replacement because of 

.the decrease in left atrial and pulmonary capillary 
pressures and increased cardiac output at rest and 
with exercise. When improvement is not clear-cut, 
mechanical and myocardial problems must be sought 
by appropriate studies, as will be discussed later. 


p Pathophysiology of Aortic Valve Disease 


ortic stenosis: In symptomatic patients with 
ortic stenosis, the reduction in systolic pressure ` 
oss the valve is usually 50 mm Hg or more, with — 
small aortic valve area (around 0.8 cm? or 


T sec 
| i | | 


high level of left ventricular pressure and t 
sary contractile force are produced by an ii 
left ventricular mass, often associated witk 
left ventricular end-diastolic pressure, rela 
decrease in left ventricular distensibility.29? 
portance of atrial contraction to left ventr 
ing in this special situation has been describ 
Severe pulmonary hypertension is not ty 
aortic stenosis but apparently is seen in. 
may die suddenly.?? Moderate pulmonary 
sion and signs of right ventricular fail 
found when chronic left ventricular failu 
sulted from a severely reduced aortic valve : 
There is not extensive information abou 
hemodynamics in patients with aortic ste 
cause of concern about ill effects during c: 
eterization and because the severity of 1 
lesion is clear in patients studied at rest. I 
left heart filling pressures, as reflected in t: 
nary arterial wedge position, increase wit. 
the cardiac output increases.” E 
Aortic regurgitation: In aortic regurgi 
need for an acceptable forward cardiac 
quires an abnormally large left ventr 
stroke volume to compensate for that which 
regurgitant from the aorta. Thus, it has b 
that up to 75 percent of the total left v 
stroke volume may be lost into the left ve 
Chronic left ventricular dilatation is es 
may be associated with different diastolic p; 
accommodation to the increased diastolic : 
In some patients an expected increase in 
ular diastolic pressure develops as if a nori 
ic pressure-volume curve were operating. I 
suggested that these patients may not do 
postoperatively as a second group who disp 
ent stress relaxation in diastole and m. 
creased ventricular volume and a change t« 
pressure-volume curve postoperatively. dt 
suggested that the latter patients have 
chanical left ventricular performance after si 
although these conclusions have been drawn ft 
very small group of subjects.*? DT 


.. Patients with aortic regurgitation, even of se 
extent, may maintain a normal forward c 








me rei a3 From a :élinial eei i a di- 
ima is posed because of reasonably adequate pul- 
onary and systemic hemodynamics and blood flow, 
sociated with progressive left ventricular damage 
ecause of the large volume and work of the ventri- 
e. This has raised very important questions about 
need for earlier operations. 


< Hemodynamic Results of Aortic Valve 
: Replacement 


ents operated on for aortic stenosis have a con- 
able decrease in the transvalvular pressure gra- 
eater changes being shown by those with 
est gradients preoperatively (Fig. 4). Small 
mean gradients, usually between 5 and 20 
g, are seen with the Starr-Edwards 1000, 
and 2310-2320 models.?12344 In the most 
es, the mean aortic valve gradient was 15 
and the calculated "effective" aortic valve 
as 1.5 cm?. In general, elevated left ventricular 
astolic pressure decreases after surgery. The 
series had undesirable hemodynamic character- 
nd considerably high gradients and was in use 
a brief time only.?5?6 
atients with aortic insufficiency, regurgitant 
s promptly stopped by valve replacement. How- 
T, left ventricular size may not promptly or ever 
rn to normal in some,*-*7 and the prognosis is 
lated to cardiomegaly. 48 A highly satisfactory ex- 
-is shown in Figure 5. The pathogenesis of per- 
stent. ft ventricular enlargement is uncertain, but 


to normal, the condition of patients is gen- 
ally improved after aortic valve replacement be- 
‘of the decrease in wasted left ventricular 


cise in patients with a prosthetic aortic 
e: The precise nature of changes after surgery is 





rmed preoper ively during car- 


lve replacement, the — 


in the normal range (5.9 ml increase in cardiac out- 
put/ml increase in oxygen consumption).444659 The 


left ventricular performance associated with a normal ` 
increase in cardiac output with exercise may be dis- 


tinctly abnormal in some patients, with substantial 
increases in left ventricular end-diastolic pressure oc- 
curring.*® Most often, the left ventricular aortic pres- 


sure gradient does not increase to an important ex- = 


tent with exercise. The average value for pulmonary 
arterial wedge pressure during exercise was found to 
be normal in one group after aortic valve replace- 
ment, but occasional patients had abnormalities.59 


Multiple Vaive Replacement 


Three possibilities have developed for combina- 
tions of hemodynamic abnormalities requiring multi- 
ple valve replacement. Aortic and mitral valve re- 
placements are the most common but mitral plus tri- 
cuspid valve replacement or combined mitral, aortic 
and tricuspid valve replacements are occasionally 
performed. Mitral valve disease with aortic regurgita- 
tion is the most common lesion preoperatively; less 
common is aortic stenosis combined with mitral valve 
disease. 


Surgical treatment of the combination of mitral. 


and tricuspid valve disease has been a source of con- 


troversy,9?! but we believe that a realistic approach - 


has developed. “Functional” tricuspid valve regurgi- 
tation will usually regress as pulmonary hypertension 
decreases postoperatively, and tricuspid valve re- 
placement is not usually required in this situation. 
However, there are rare patients who retain substan- 
tial degrees of tricuspid insufficiency after left heart 
and pulmonary arterial pressures have decreased. 
Identifying these patients at the time of surgery is 


difficult, but clues may come from the apparent | 


amount of tricuspid insufficiency or difficulties in 


FIGURE 5. Left, preoperative. chest roentge 


3 Right, marked reduction in cardiac 


cardiac output will increase with exertion, although : 
_ there is wide variation. The average exercise factor in. 
more than 40 patients reported on by three groups is - 


gram. of a patient with aortic inst any, E 



































o plastic valve disor in our opinion, and 
spid valve replacement may be necessary.!? 
itral and aortic valve replacement: The pres- 
- alterations achieved postoperatively are as ex- 
ed from the known characteristics of the devices 

hen employed singly. In the group described by 

ason et al.,5? abnormal exercise factors were found 
in 6 of 7 patients, whereas 4 of 10 subjects in our orig- 
inal group had abnormal findings?? Despite these 
| differences, and the small number of patients re- 
. ported on thus far, it is certain that some fail to re- 
=. spond with the normal cardiac response to mild su- 
^pine exercise, whereas others do. Abnormalities of 
"left ventricular performance appear to be relatively 
.common in these patients, at least when judged in 
-hemodynamic terms. No data from specific myocar- 
dial performance studies in these patients are known 
-to us. 
Hemodynamics after tricuspid valve replace- 
ment and triple valve replacement: Some of the 
. most severely ill patients with valvular heart disease 
require replacement of the mitral and tricuspid 
valves or triple valve replacement. There are no re- 

orts of large numbers studied by cardiac catheter- 
ization. From our own early data it was learned that 
profoundly reduced cardiac output, severe pulmo- 
“nary hypertension and marked elevation of right atri- 
- al pressure could all improve markedly postopera- 
tively.3! When a Starr-Edwards prosthesis of the mi- 
-tral valve type is employed in the tricuspid position, 
. a small transvalvular diastolic pressure gradient is 
- present, as expected from experience with it in the 
- mitral position. Mean right atrial pressure after tri- 
cuspid valve replacement averaged 6 mm Hg in our 
~ patients. The “effective” tricuspid valve area was 2.1 
 €em?, and the average mean diastolic transvalvular 
gradient was 4.7 mm Hg, but some patients had a 
mean right atrial pressure level at rest as high as 10 

im Hg (5 mm Hg was the upper limit of normal for 
ur laboratory at that time). 
Because of the shape of the right ventricle, and 
perhaps because of other factors, malfunction of ball 
valve tricuspid prostheses is a serious problem.5351 
Thrombotic occlusion is the usual complication and 
in this situation increased right atrial pressure and a 
< large transvalvular gradient are present. 

Failure to improve or Late Return of Symptoms 

After Valve Replacement 

. In occasional patients with hemodynamically im- 
jortant or severe disease, valve replacement fails to 

oduce the expected symptomatic eo provement: 
Several possibilities may account for this failure.*” 

lalfunction of the Valve 

- Disruption of valve sutures: This should be con- 

dered immediately i in any patient with a prosthetic 


vice who is not doing well. Problems can. develop 


Mitral brostlietie deito is more difficu 
nose because the murmur may not be inter 
possibility should come to mind if pulmona 
lar congestion or edema or a low cardiac outpl | 
occurs postoperatively, especially if there is ¢ 
ciated active precordium on examination. _ 

Later or lesser disruption of the sutures of 
thesis in the aortic position can be diagnos 
relative ease, but some mitral leaks may not pr 
a loud murmur and may be difficult to diser 
from other possibilities, such as primary: myocar 
failure. 

Valve obstruction from thrombus: Anoth 
chanical problem, perhaps the most frequent: 
served, is partial obstruction of a device 
thrombus on the struts or ring. Occasionally t 
struction can be identified by simple fluoros« 
cinefluorography without cardiac catheteriz: 
observation of incomplete travel of the bal 
poppet is of a radiopaque type. Although.sa 
noninvasive, this evaluation has not often: bi 
help in recognition of this potential catastro 
the current bedside techniques, auscultation i 
likely to provide clues. The findings will depe 
the type of device—for example, one with a 
rubber or Stellite? poppet. However, all op 
closing sounds for artificial valves must be i 
It is easy to assume that a soft first sound i 
tic prosthetic opening sound of a Starr-Edw 
ball valve with a rubber poppet. If both ; 
heart sound (natural mitral and tricuspid. 
sure) and the aortic sound cannot be identi 
bedside, phonocardiography should be 
promptly unless the patient is in acute diffic 
a decision to reoperate has already been m 
graphic methods, both sounds and the tim 
can be identified in relation to the cardiac : 
patients with later model Starr-Edwards val 
Stellite balls, the opening sound is usually 
tinct, and its absence will be quickly 
sometimes by the patient.?9 The metal 
sounds of an aortic prosthesis, for exam 
2320 or 2400, may virtually mask the first si 
the listener’s ear. Mitral opening and.clo 
are relatively easy to identify in patient: 
thetic ball valves. However, when the 
about the presence of any valve sound, furt 
ation is promptly required. 

Recently a series of patients with the 
wards 2400 aortic valve prosthesis (track ty 
been found to have acute severe obstruc 
ventricular outflow, associated with thron 
struts or ring. They were not taking ant 
agents. Some had signs resembling acute le: 
ular failure or mitral stenosis, with progress 
monary congestion and edema and low card 
put. Others were classified in functional cla 
York Heart Association criteria). Use of antico 
tion.may prevent this complication. a 

“Cardiac catheterization and angiocar 


iT phy: Whenever a valve disruption i is suspected, o 
` quires quantification, or whenever Paral ð 















EDV 188cc/m? 
ESV I35cc/m? 
EF. 


Series of posteroanterior chest roentgenograms in one patient. The preoperative füm fro 1966 shows cardiomegaly and i pion 
stion. Soon after aortic valve replacement, the 1970 film was obtained, demonstrating marked decrease in cardiac size. Recurrent cardio- 5 
nd: congestive failure were serious problems 3 years later, as shown in the 1973 film. X^ 


nd-diastolic. volume; EF = ejection fraction; ESV = end- -systolic vol- 
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tion and angiocardiography are indicated on an ur- 
gent basis. In mitral regurgitation due to a parapros- 
thetic cleft, retrograde aortic and left ventricular 
catheterization and left ventriculography will verify. . 
or exclude the problem. Simultaneously, important: 
information concerning left ventricular function will | 
be obtained, relevant to other possible causes of the 
patient’s problem. 

Measurement of pressure gradients directly across 
a prosthetic valve is recommended when obstruction - 
is suspected, because precision of the measurements . 
may be extremely important. Although the mitral 
valve can be evaluated by simultaneous measurement 
of the pulmonary arterial wedge pressure and left ` 
ventricular pressure, we recommend transseptal left | 
atrial pressure measurement simultaneously with left — 
ventricular pressure by the retrograde catheteriza- 
tion pathway, if the laboratory team is proficient. in 
the techniques. 

To evaluate possible obstruction of an aortic valve 


prosthesis, the transseptal left heart approach to left. 


ventricular pressure is preferred, or direct apical left 


FIGURE 8. Left ventriculograms before and a few 
months after mitral valve replacement. The. end-dia- 


outlines are superimposed.. End-diastolic volume. 
about twice the upper normal. limit, both: before and: 


fraction. changes to severely decre 
postoperatively. Post-Op and Pre-Op 

ly- and preoperatively, res ctivelv. Oth r abbrevia- 
tions as in Figure 


tion of a prosthesis is suggested, cardiac catheteriza- — 








stolic (solid) and end-systolic (dashed). endocardial. 


after valve replacement. Normal, preoperati e e ejection ; 










































ular puncture. can be performed. In either 


it is essential to. determine the pressure gradient 
oss the prosthesis. Puncture of the atrial septum 


the transseptal method can be more difficult in 


ostoperative patients, especially when it is time to 
e the catheter through the atrial septum. 
í Despite difficulties, precise physiologic and ana- 
tomic data are essential if prosthetic obstruction is 
uspected. As discussed previously, pressure gradi- 
ents are expected across all nonbiological prosthetic 
. valves. If large gradients are found and are not ex- 
* plained (for example, by mitral regurgitation) partial 
obstruction must be considered. Once the diagnosis is 
` established, or strongly suspected from clinical and 
hemodynamic data, reoperation should be performed 
urgently because the syndrome can progress rapidly. 
se The problem of ball variance with earlier devices 
¿17 with silicone rubber poppets has rarely been encoun- 
tered in recent years, in contrast to the alarming fre- 
. quency seen in the late 1960's.5? 


: Myocardial Failure 


A mysterious and worrisome phenomenon is post- 
operative ventricular failure, which sometimes devel- 

ps several years after valve replacement. It is an ex- 

emely disappointing syndrome, because it may an- 

ounce itself by the return of the same symptoms the 
patient had before operation—an unhappy event 
when initial improvement has occurred (Fig. 6). Late 
! myocardial failure is also frustrating from the physi- 
^eian's point of view, because the cause is not clear 
. and therapy is nonspecific, that is, the traditional 
treatment of congestive failure. We have no exact in- 


no formation about the frequency with which late con- 


gestive failure develops or the patient's condition 

-. fails to improve after surgery because it is a difficult 

- problem to sort out. An approximate figure is 5 per- 

"-cent.^ Figures 7 and 8 show examples of ventriculo- 
ams from patients with congestive failure after aor- 
c and mitral valve replacement. 

"Causes: Several causes have been implicated and 
'any or all could contribute. The irreversible effects of 
left ventricular hypertrophy or chronic left ventricu- 
lar dilatation, or both, were mentioned earlier, as was 
intrinsic myocardial disease in mitral involvement. 
Other authors have also recently commented on the 


deleterious effect: of cardiomegaly or a “myoc: 
factor, and coronary disease has been cited a 
disposing factor.495559 Myocardial injury during 
eration could account for early postoperative 
lems or failure to improve (Fig. 8). 60,61 The late 
of problem (Fig. 6 and 7) is more difficult to un 
stand. Recurrent microembolism has been sugge: 
but fibrosis within the myocardium i is hard to 

fy and the theory remains. We lack a clear t 
standing of late myocardial failure after vi ve 
placement, when an obvious cause such às c 
disease or dysfunction of the prosthesis has 
ruled out. 

Rationale for earlier operation: This pr 
could be solved if it were due only to long-s 
cardiac overload. Earlier intervention has thus 
recommended in two recent papers.5?63 The thec 
cal gains, such as the possible avoidance of. el 
nent hemodynamic or myocardial deterioratio 
be weighed against other predictable or unex 
problems. These have included silicone rubbe 
variance, thromboembolic problems, stuck pòpi 
close tolerance valves, cloth tear and, recem 
struction of aortic prostheses of the tra 
(Starr-Edwards 2400) in patients not taking 
coagulant agents. On balance, it still seems app 
ate to wait for important hemodynamic abn 
ties to be present before advising operatio 
avoiding progression to overt congestive hea 
This presents a delicate but important jud, me 
the bedside clinician. 


Conclusions 


Cardiac valve replacement will result in i 
ment in hemodynamics in most patients, : 
those severely ill. If resting cardiac outpu 
preoperatively, it increases and usually incr 
ther with exercise. However, increases in | 
with exercise may be less than normal in 
mitral valve or multiple valve replacement 
Edwards prostheses (and other artificia 
well) are mildly stenotic, and pressure gra 
present across them. Significant abnormalit 
be present before operation is advised. : 
worrisome group of patients have late conge 
ure for reasons not fully explained. 
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Light and electron microscopic observations were made c 
tricular myocardium removed at operation from 16 patients. wit 
ic aortic valve disease. In all 16 patients most cardiac m 
were hypertrophid, and surrounded by small amounts of fibro 
In two of the six patients with pure aortic regurgitation and 
the five patients with combined aortic stenosis and regurgitati 
ac muscle cells with evidence of degeneration were prese 

to hypertrophied, nondegenerated cells. Degenerated cardiz 
cells were not observed in the six patients with predominant 
nosis. Cardiac muscle cells with mild degeneration show 
fibrillar lysis, with preferential loss of thick myofilaments 
proliferation of tubules of sarcoplasmic reticulum. Mor: 
generated muscle cells showed a marked decrease in. the 
myofibrils and T tubules and proliferation of sarcoplasmic 
mitochondria, or both. Severely degenerated cells usual 

ent in areas of marked fibrosis, often were atrophic, had 
basement membranes and had lost their intercellular 
These findings suggest that degenerated cardiac muscle 
poor contractile function and may be responsible for impai 
performance in some patients with chronic aortic valve disease. 


Chronic aortic valve disease places a severe hemodynami 
the left ventricular myocardium. The fine structural alte 
occur in ventricular muscle cells consequent to this he 
stress have not previously been defined in detail. Of pa 
est is the possibility that certain morphologic changes in 
cells may explain the impairment of cardiac function ( 
*myocardial factor") in patients with chronic valvula 
study these questions, we undertook studies of myocardia 
ture in patients with aortic valve disease. Preliminary res 
studies are presented in this communication, which desc 
trastructural features of hypertrophy and degeneration 
ventricular myocardium of patients with aortic valve ste 
gurgitation, or both. 


Materials and Methods 


Patient selection: Our findings are based on a study oh m 
moved at operation from 16 patients with isolated aortic valve 
I). These patients ranged from 7 to 64 years of age (mean 41); 
were male and 4 were female. Fourteen of the 16 patients unde 
valve replacement; the remaining 2 patients (Cases 2 and 6) undi 
commissurotomy. The 16 patients were classified in three categ 
ing to the hemodynamic data obtained at cardiac catheterizati 

and the gross anatomic appearance of the aortic valve. These 


a) predominant aortic stenosis, with a peak systolic gradient gr 


d mild or no aortic regurgitation (six patients); (2) 
no gradient, tive Patients); and (3) combined 




















— Pressures. mm He) 





Aeon 2 EUR e (r ae 
a Sex o -NYHA Class. Bore SA PSB 


















Predominant Aortic Stenosis . l 


























































< 57M H 190/24 130/70 60 24/10 0 Cod. 

P (90) (16) a i Ws 
12M — J 150/12 85/55 65 18/8 | d. x 
(70) 3) 

BF u 220/16 135/65 85 30/14 1+ 3.6 
(90) (20) 
2 39F H 206/18 119/70 87 26/10 0 42: 
(95) (15) we 
64F m 270/14 160/70 110 40/14 0 2.9. 
(100) (24) 
7M IH 210/18 90/40 120 28/10 0 
i 0 (18) 
Pure Aortic Regurgitation 
22M ul 138/16 145/40 0 22/10 4+ 3.9 
(80) (5) 




















56M HI 165/17 168/70 0 30/14 3-4-4 2.6 uw. 
E. (100) (19) | 
[T 140/18 142/50 0 40/18 3-44- 1.9 
(82) (25) 
Il 170/30 180/52 0 34/20 44- 
(90) (28) 
IH 190/14 190/60 0 36/18 44- 
(100) (37) 
Combined Aortic Stenosis and Regurgitation 
IH 113/33 100/60 13 45/25 2-34 
? (80) (36) sU 
43M I 140/14 115/42 25 28/16 44- 3.2. 
(70) (18) 
36M H 140/26 100/60 40 37/18 3+ 2.3 
(75) (28) 
46M I 170/16 105/60 65 50/30 34- 2.9 
à (85) (40) 
-55M IH 174/35 96/59 78 52/23 24- 2:3 a 
(7) (37) LA 





in parentheses indicate mean pressures. 

lic regurgitation evaluated by aortogram according to the grading system: 0 — absent; 1-- — small amount of dye in left: 
hat clears with the next beat; 2-- = small amount of dye in left ventricle that doesn't clear with the next beat; 3+ = progres: pete 
lei e opacification ofleft ventricle with dye; 4+ = complete opacification of left ventricle with first diastole; Cl = cardiac index. 

n perm?) LV = left ventricular; NYHA Class = New York Heart Association functional classification; PA == pulmonary arterial: 
Systolic gradient obtained by pullback recording of pressure gradient; SA = systemic arterial, 





rgitation, with a peak systolic gradient of 10 to 78 and also to measure transverse cell diameters with acali- 
Hg and noderate or severe aortic regurgitation (five brated micrometer eyepiece. NR G 
Ultrathin sections were stained with uranyl ‘acetate QUERN 
on of tisétigà: All tissues were obtained at op- (using either a saturated aqueous solution for 10-:minutes at. < 
to 5 minutes əf A pi eid bypass and room temperature or, according to the technique of Locke 
and Krishnan,’ a 2 percent solution in 95 percent ethanol 
for 15 to 30 minutes at 60° C) and with Reynoldy lead ei 
trate." 









Results —— 
Predominan Aortic Stenosis eh 





nied with transverse diameters of 15 to 70 4 (nor- - 


mal 10 to 15 u). These cells were arranged in parallel 
nd usually were joined by end to end intercellular 
ions (intercalated discs) (Fig. 1). The shape of 
ese cells was generally cylindrical; however, multi- 
le intercalated discs, representing intercellular junc- 
ons of lateral cytoplasmic processes, were common. 
jltiple intercalated discs consisted of two, three or 
four transverse segments of intercalated discs lying 
along the same myofibrils; each two of these 
transverse segments were separated by a maximum 
of 10 clearly distinguishable and continuous sarco- 
meres. A detailed description of these structures has 
been given elsewhere.* 

- In contrast to normal cells, hypertrophied cardiac 
muscle cells were increased in size (Fig. 1 to 3). This 
increase appeared to be due to large numbers of com- 
jact myofibrils and mitochondria (Fig. 3). The mito- 

hondria were located primarily between myofibrils 
and at the nuclear poles. In hypertrophied cells, myo- 

-fibril-free areas containing enlarged Golgi zones and 
‘numerous glycogen particles and lipofuscin granules 
were often present adjacent to the nuclei (Fig. 3). 

Mild, focal thickening of Z bands was common. Small 

ccumulations of Z band-like material were often 

esent in areas adjacent to the sarcolemma and fre- 

ently were contiguous with true Z bands, with 
ylasma membranes or with both of these structures. 
Increased numbers of ribosomes were present free in 
the cytoplasm (usually between myofibrils or in the 
perinuclear area) or were attached to the membranes 
of endoplasmic reticulum. Mitochondria were often 


-> elongated, abnormally small, and arranged in aggre- 


gates. Large numbers of glycogen particles in the 
- monoparticulate or beta form (230 to 350 À in diame- 
ter) were present throughout the cytoplasm; occa- 
sionally, glycogen rosettes (1,300 to 2,400 À in diame- 


ter) were also observed? Nuclei were usually en- 


` larged and often showed marked irregularities of 
their membranes (Fig. 3). Some T tubules were dilat- 
sd. Variable, but generally small, amounts of fibrous 
“tissue (collagen fibrils) were present in the intersti- 
ium. Cardiac muscle cells in patients with aortic ste- 
sis did not show the features of degeneration that 
were present in patients with pure aortic regurgita- 
tion or combined aortic stenosis and regurgitation. 


Pure Aortic Regurgitation 


Myocardium from all six patients with pure aortic 
regurgitation contained many hypertrophied cardiac 
. muscle cells similar to those described in patients 

with aortic stenosis. In two (Cases 10 and 11) of the 

-six patients, however, numerous cardiac muscle cells 

had morphologic features that were interpreted as 

egenerative. These cardiac muscle cells demon- 

strated a wide spectrum of changes from mild to se- 

degeneration. Cardiac muscle cells with differ- 

ent degrees of degeneration were often closely associ- 
d in the same area of myocardium. 

Us with evidence of mild degeneration were hy- 

trophied or normal-sized. By light microscopy, 


FIGURE 1. Case 2. Predominant aortic stenosis. Light microgr: 
semithin section of left ventricular myocardium. Cardiac muscle 
are hypertrophied (with increased numbers of compact myo 
rectangularly shaped, and connected at their ends by interca 
discs. (Toluidine blue stain X400, reduced by 2 percent.) 


they were indistinguishable from hypertropt ie 
without degeneration. Ultrastructurally, 
mild degeneration differed from hypertrop 
degenerated cells in respect to focal alterati 
myofibrils and sarcoplasmic reticulum. The 
alterations in myofibrils consisted of prolife 
Z band material and loss of myofilaments. TT 
myofilaments was unusual in that the loss of 
myosin (12) to 150 À in diameter) filamen 
peared to be in excess of that of thin actin ( 
in diameter) filaments (Fig. 4). This preferenti 
of thick myofilaments resulted in the presence. 
proportionately greater numbers of thin ra 
ments in a few sarcomeres in a cell. i 
Some Z bands in mildly or moderately degen 
ed cells showed streaking, streaming and fragm 
tion (Fig. 5A). Other Z bands showed marked . 
ations characterized by spreading of Z band mi 
into adjacent areas of sarcomeres (Fig. 5B); 
masses of Z band material were often associate 
preferential loss of thick myofilaments (Fig. 5, 
C). In addition, mild, focal thickening of Z bands a 
subsarcolemmal accumulations of Z band-like m 
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FIGURE 2. Electron micrograph of normal ventricular muscle cell from a 21 year old man with familia! Wolff-Parkinson-White syndrome. Myofi- 
brils (MF) are compactly arranged, have well defined Z bands (Z) and are separated by mitochondria (M) and glycogen particles (G). The nucleus 
(N) is centrally located and oval-shaped. Several T tubules (T) form triads with sacs of the sarcoplasmic reticulum. The basement membrane 
(BM) is thin. (X 11,500.) 
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P OSESE, 


e FIGURE 3. Case 2. Electron micrograph showing part of hypertrophied cardiac muscle cell. Increased numbers of myofibrils are present. Bi- 
zarrely shaped nucleus is surrounded by myofibril-free area, which is filled with mitochondria, glycogen particles (G), lipofuscin granules (LG) and 
rough endoplasmic reticulum (ER). (X9,000.) 
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FIGURE 4. Case 





13. Combined aortic stenosis a 








S AAS = 7 m e : ki eS A = : E. K ü M 
nd regurgitation. Parts of two hypertrophied cardiac muscle cells connected by an intercalated 
disc (paired arrowheads). The mycfibrils in the cell at the top are intact. in the cell at the bottom, however, the myofibrils have undergone lysis, 


1 
disruption and loss of normal sarcomere structure. The loss of thick myofilaments exceeds that cf thin myofilaments. Abnormal masses of Z 
band material (Z), myelin figures (MY) and a small area of proliferation of sarcoplasmic reticulum (SR) are present. (X25,100.) 
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FIGURE 5. Case 13. A, ‘electron micrograph with high magnification showing part ofa | degenerated cardiac muscle cell. Area shown is similar to 
that in Figure 4. Z band material (Z) shows marked streaking and clumping. Thick myofilaments (arrowheads) are greatly reduced in number. 
Large numbers of thin myofilaments are present throughout. (X42,000.) B, marked proliferation of Z band material occupying the area.of one: 
entire sarcomere. Adjacent sarcomeres show lysis of some thick myofilaments (arrowheads). Other Z bands (Z) show less severe thickening. - 
(X20,900.) C, an elongated accumulation of Z band material adjacent to the sarcolemma. Thick myofilaments have undergone lysis in some 


areas (arrowheads). (X30,000.) 
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FIGURE 6. Case 13. A, an area cf a hypertrophied cardiac muscle cell showing abundant glycogen granules and marked proliferation of tubules 
of sarcoplasmic reticulum. Myofitrils are absent from this area. (X 20,000.) B, high power view of area shown in A. The meshwork arrangement 
of tubules of sarcoplasmic reticulum is evident. (X42,000.) 
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have tapered ends (compare with Fig. 9). (X525). 


rial (Fig. 5C) were common in mildly or moderately 
degenerated cells. Alterations in the tubules of sarco- 
plasmic reticulum of these cells consisted of dilata- 
tion or proliferation, or both, with the formation of 
interconnected meshworks in small areas between 
myofibrils and in perinuclear spaces (Fig. 6). 

Cardiac muscle cells with advanced degenerative 
changes usually were either normal-sized or atrophic 
(less than 10 u in transverse diameter). By light mi- 
croscopy, these cells were pale-staining and appeared 
to have decreased numbers of myofibrils (Fig. 7). 
Cells with advanced degeneration were usually pres- 
; ent in areas of marked interstitial fibrosis and often 
.. had lost their connections with adjacent cells (Fig. 8 
and 9). The surfaces of these cells often showed 
marked irregularities in contour and marked thicken- 
> ing of basement membranes (Fig. 9). The ends of 

some of these cells tapered gradually into the inter- 
.Stitium; the ends of other cells showed deep invagina- 
“tions of the plasma membranes associated with 
















FIGURE 7. Case 15. Combined aortic stenosis and a n Light micrograph of somihin section showing hypertrophied and degener 
cardiac muscle cells in area of interstitial fibrosis. Hypertrophied cells measure up to 50 4 in diameter, appear darkly stained and show 
Clear areas representing irregular invaginations of their surfaces. Degenerated cells (arrowheads) are palely stained, have few or no.myc 
and are small or atrophic (compare with Fig. 10A, 11A and 12). Some hypertrophied cells contain lightly stained, myofibril-free areas ( 
are sites of focal degeneration. Many of the cells shown appear to have lost their intercellular connections, are separated by fibrous: tee 





prominent finger-like projections of cytoplasm 
9). Elongated accumulations of Z band-like mat 
were often present in areas adjacent to the sarcole 
ma (Fig. 9). Discrete T tubules were infrequen ly [^ 
served in cells with advanced degeneration: 

The myofibrillar structure was markedly altere 
in cardiac muscle cells with severe degenera 
Myofibrils were absent in some areas and severel 
disrupted in others (Fig. 10 to 12). Masses of: 
like material often were scattered randomly th 
out the cytoplasm in these cells. These masse we 
traversed by thin myofilaments arranged in 
(Fig. 10, A and B). Thick myofilaments were rà 
absent in these areas. Cells with severe degenera 
showed selective proliferation or alteration of cer 
cytoplasmic organelles that replaced the co: 
elements in the cytoplasm. The cytoplasm.of 
these cells was virtually filled either with a mesh 
of markedly proliferated tubules of sarcoplasmi 
ticulum (Fig. 6 and 10) or increased numbers « 
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FIGURE 8. Case 16. Combined aortic stenosis and regurgitation. Low power electron micrograph of area of left ventricular myocardium showing 
several small, degenerated cardiac muscle cells (arrowheads) surrounded by fibrous tissue. Two other cardiac muscle ceils shown are hyper- 


trophied or normal-sized and have no evidence of degeneration. Compare with Figure 7. (X7,500.) 


dx 
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^ DU T 
duae NB exe Ss: 
FIGURE 9. Case 16. A cardiac muscle cell with 


tissue. This cell shows several prominent finger-like projections of cytoplasm and subsarcolemmal accumulations of Z band-like material (Z. 


Compare with Figure 7. (X 10,400.) 


undamaged and intact mitochondria of various sizes 
(Fig. 11A). Some severely degenerated cardiac muscle 
cells did not show selective proliferation of a given 
cytoplasmic organelle but had increased numbers of 
glycogen particles or lipofuscin granules (Fig. 12). 
The nuclei of severely degenerated cells were usually 
“elongated and often had marked convolutions of the 
membranes and margination of the chromatin. 


.. Combined Aortic Stenosis and Regurgitation 


Hypertrophied cardiac muscle cells, similar to 
those just described in patients with predominant 
aortic stenosis and in patients with pure aortic regur- 
gitation, were present in all five patients with com- 
bined aortic stenosis and regurgitation. Myocardium 
from four (Cases 12, 13, 15 and 16) of the five pa- 
tients contained numerous degenerated cardiac mus- 
cle cells, which resembled those present in two of the 
five patients with pure aortic regurgitation. 


Discussion 


Cardiac Muscle Degeneration 


The data presented in this report show that degen- 
erated cardiac muscle cells are commonly present in 
the left ventricular myocardium of patients with pure 
"^ aortic regurgitation or combined aortic stenosis and 
regurgitation. The morphologic features of these de- 
generated cells are: (1) decreased size (transverse di- 
ameter often less than 10 u); (2) loss of myofibrils; (3) 




































ane (arrowheads) is isolated and surrounded by fi 


preferential loss of thick (myosin) filaments; 
streaking, streaming and clumping of Z band mat 
al; (5) association with markedly increased am ts 
of interstitial fibrous tissue; (6) loss of contaci 
tween adjacent cells; (7) dilatation or proliferation 
both, of the sarcoplasmic reticulum; and (8) thicke 
ing of the basement membranes. E 
Cardiac muscle cells with the previou 
tioned ultrastructural features of degeneration ha 
not been reported in patients with valvular heart ¢ 
ease. We have, however, observed cardiac mu 
cells with similar morphologic features in (1) 
areas of crista supraventricularis muscle from hum 
subjects with congenital heart diseases associate 
with right ventricular outflow tract obstruction®; ( 
left ventricular myocardium from patients ‘wit 
asymmetric septal hypertrophy (unpublished obse 
vations); and (3) ventricular myocardium from p 
tients with neoplasms receiving antineoplas 
drugs.”8 These findings suggest that the mor 
alterations summarized above represent a final 
mon pathway for degeneration of cardiac muscle 
in a variety of cardiac conditions. At the light n 
scopic level, degenerated cardiac muscle c lis 
scribed in this report are similar in certain respects 
cardiac muscle cells with myocytolysis, which oc 
in a variety of cardiac conditions including cardiom 
opathy and coronary atherosclerosis.?-!! The m 
point of resemblance between degenerated ca 
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FIGURE 10. Case 13. A, low power electron micrograph showing a severely degenerated cardiac muscle cell. This cell has no intact myofibrils 
and the cytoplasm contains proliferated tubules of sarcoplasmic reticulum (arrowheads), mitochondria, lipid droplets (L) and masses of abnor- 
mal Z bands (Z) with attached thin mrofllaments. Compare with Figure 7. Parts of two adjacent cells which have no evidence of degeneration 
are also shown. (X9,750.) B (insert), high power view of part of the degenerated cardiac muscle cell shown in A, showing proliferated tubules 
of sarcoplasmic reticulum (SR) and abnormal masses of Z band (Z) material traversed by thin myofilaments arranged in parallel. Thick myofila- 
ments are absent from these areas. (X25.600.) 
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muscle cells and cells with myocytolysis is the loss of 

myofibrils. As described in detail elsewhere,!° the 

light microscopic picture of myocytolysis can result 

from several ultrastructurally different patterns of 

solution of myofibrils. In the case of the degener- 

. ated cardiac muscle cells in patients with aortic valve 
disease the lysis of myofibrils appeared to affect the 

thick myofilaments to a greater degree than the thin 

 myofilaments and was not associated with contrac- 
tion bands. This preferential loss of thick myofila- 

ments contrasts with the sequence of events in myo- 


cytolysis observed in the peripheral areas of myocar- 


dial infarcts, in which the lysis of myofibrils appears 
to be preceded by formation of contraction bands.! 
The severely degenerated cardiac muscle cells de- 
scribed in this report undoubtedly are incapable of 
'normal contractile function. The markedly decreased 
numbers of myofibrils and the alterations in the tu- 
 bules of sarcoplasmic reticulum (dilatation or prolif- 
eration, or both) and T tubules (decreased or absent) 
in these cells probably preclude generation of normal 
tension. Severely degenerated cells have also lost 
their connections with adjacent cells and therefore no 
Jonger have the capacity to transmit electrical activa- 
tion to other areas of myocardium. Furthermore, the 
markedly thickened basement membranes probably 
_also contribute to the isolation of these cells by inhib- 
iting the exchange of nutrients between the intra- 
and extracellular environments. 


.. Myocardial Degeneration as a Result of Hypertrophy 


. Degeneration appears to represent the end stage in 
'the evolution of hypertrophy of cardiac muscle cells. 
According to Meerson and his co-workers,!?-14 cardi- 

ac muscle cell degeneration in end-stage hypertrophy 

results when the protein synthetic mechanisms of the 
cell are exhausted. Thus, degeneration of cardiac 
muscle cells with loss of myofibrils may involve de- 
pressed protein synthesis, increased protein catabo- 
lism, or both. Although the ultimate causes of these 
. changes in cardiac muscle cells are not known, it is 
worthwhile to speculate on three possible mecha- 
nisms by which degeneration may occur. These 
mechanisms are: (1) alterations in the genetic appa- 
ratus controlling synthesis and breakdown of pro- 

- teins; (2) focal chronic ischemia, which occurs when 
- the work demands of hypertrophied cardiac muscle 
cells exceed their oxygen supply; and (3) changes sec- 

- ondary to interstitial fibrosis. Nuclear deoxyribonu- 
- eleic acid (DNA) in hypertrophied cardiac muscle 

- cells can be markedly increased (polyploidy); this in- 

crease is not associated with nuclear or cell division. 
- Little is known of the ability of the DNA in hypertro- 
' phied, polyploid cardiac muscle cells to function 

properly in controlling various cellular functions. 

Other studies from this laboratory have shown that 
- drug-induced alterations in cardiac muscle DNA can 

sad to severe degeneration.^? Focal chronic ischemia 
- also may inhibit synthetic processes and cause cardi- 
ic muscle cells to undergo degeneration and atrophy. 


The adequacy of the blood supply to hypertrophied. - 


a ar 


FIGURE 11. Case 13. A, parts of two severely degenera 
muscle cells ia which the cytoplasm is occupied almos 
great numbers of mitochondria. The intercellular junction 
these cells is indicated by paired arrowheads. In the cell € 
tom, the only evidence of contractile elements. is | ovi 
small accumulations of Z band-like material (single arrowt 
jacent to the sarcolemma (see B). (X8,250, reduced by 16 
B, electron micrograph of a peripheral area of a degeni 

ac muscle cell filled with mitochondria. Small accumulatio 
band-like material (arrowheads), similar to those. sho nA, 
present adjacent to the sarcolemma. The basement membran 
thickened. (X 13,700, reduced by 16 percent.) 2 


cardiac muscle cells has been the subject o 

versy.!5.16 Although we do not have quantitativ 

to clarify this issue, it was our qualitative impressio 

that fewer capillaries were usually present in. 

containing degenerated cardiac muscle ce 

theless, morphologically normal capillaries s 

times were immediately adjacent to severely deger 

ated cardiac muscle cells (see Fig. 12), o 
Increase in myocardial collagen is an early c 


^in experimentally produced ventricular hyp 





ated cell. (X9,900.) 


trophy.!7-*° As shown in our study, interstitial fibro- 
sis can lead to isolation of muscle cells from each 
other. Furthermore, evidenee from previous investi- 
gations”! suggests that intercellular connections and 
cell to cell interactions are necessary for maintenance 
_of the normal structure and function of cardiac mus- 
cle cells and that the fate of isolated cardiac muscle 
cells is degeneration and atrophy. 


Clinical implications 


- Our observations indicate that degenerated cardiac 
“muscle celis are commonly observed in left ventricu- 
lar myocardium from patients with pure aortic regur- 
gitation and those with combined aortic stenosis and 
regurgitation but are not present in patients with 
predominant aortic stenosis. Because the number of 
patients in each of our three study groups is small, 
our findings must be interpreted with caution. Nev- 
rtheless, we believe that the differences we have ob- 
served in the occurrence of degenerated cardiac mus- 
e cells in these three groups of patients may reflect: 


FIGURE 12. Case 13. A severely degenerated cardiac muscle cell that has lost its connections with adjacent hypertrophied, nondegenerated 
lis. The degenerated cell contains no myofibrils and the cytoplasm is filled with numerous lipofuscin granules (LG), mitochondria and glycogen 
ticles. Compare with Figure 7. Many small accumulations of Z band-like material, similar to those shown in Figures 11 and 16, are adjacent 
‘the sarcolemma (arrowheads). A normal-appearing capillary (C) is present between the degenerated ceil and a hypertrophied, nondegener- 


1) e type of hemodynamic burden to which the left _ 








ventricular myocardium is subjected in patients with 
these different valvular lesions, and (2) the fact that 
the symptomatology resulting from these different 
hemodynamic stresses causes patients to be selected 
for operation at different points in the natural histo- 
ry of their valvular lesions. For example, predomi- 
nant aortic stenosis imposes on the left ventricle a 
chronic pressure load that results in concentric hy- 
pertrophy and decreased compliance. The natural 
history of this lesion is very different from that in pa- 
tients with pure aortic regurgitation or combined aor- 
tic stenosis and regurgitation. The latter lesions im- 
pose a chronic volume load on the left ventricle and 
result in dilatation and increased compliance of the 
left ventricular chamber. The absence of degenerated 
cardiac muscle cells in patients with predominant 
aortic stenosis, who were in a relatively well compen- 
sated cardiac state, is not surprising. 'The presence of 
degenerated cardiac muscle cells in patients with 
pure aortic regurgitation or combined aortic stenosis 
and regurgitation may reflect the relatively poor con- 
tractility of the heart in these cases. 






















me patients with aortic valve disease and con- - 
ve heart failure show persistent cardiac failure — 
valve replacement.?? Although it has been sug- . 
d that the lack of clinical improvement in such - 


jatients is due to underlying myocardial disease, lit- 
; iorphologic evidence is available from necropsy 
dies to support this contention. Our observation 

degenerated cardiac muscle cells (in which con- 
tractile function undoubtedly is impaired) are com- 


monly present in left ventr 


some patients with pure aortic regurgita 
bined aortic stenosis and regurgitation s 


these cells may be the morphologic man 
underlying myocardial disease in such p 
studies, however, have been undertaken 
ly, and no data are yet available on th 
between myocardial ultrastructure an: 
postoperative course in these patients. 
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diac F Pathol ogy After Valve Replacement by /— 
D c Prosthesis 





oy of 61 Necropsy Patients 


c ROBERTS, MD, FACC Clinical and necropsy observations are described in 61 patients who — 
1 had one or more cardiac valves replaced with a discoid prosthesis of- 
the Hufnagel type. The most common (31 percent) cause of death _ 
among the 45 patients who died early (less than 65 days after opera- - uu 
tion) appeared to be prosthetic disproportion; that is, the prosthesis — 
was too big for the aorta or ventricular cavity into which it was insert- an 
ed so that inadequate space was present between the margins of the. 
disc and the endocardium of ventricle or intima of aorta. Prosthetic T 
thrombosis occurred in only 3 of the 45 patients who died early, bul. m 
poppet movement appeared considerably altered in each. In contrast, bun 
thrombi were observed on a prosthesis in 14 of the 16 patients who E 
died late (4 to 47 months [average 21] postoperatively), but in none — 
did the thrombi appear of sufficient size to alter poppet function. Ex- 
cessive bleeding occurred in 11 (24 percent) of the 45 early. deaths 
and was primarily related to the insertion of a patch in the root of. the 
aorta. Uncorrected valvular disease either by itself or by its ability to 
alter function of the prosthesis appeared responsible for death in 6 (13 
percent) of the 45 patients who died early and in 2 (6 percent) of th 
16 who died late. Insertion of a mitral poppet disc in a patient with un- 
corrected aortic regurgitation, even of mild degree, may be hazardous . 
because the aortic regurgitant jet stream may interfere with proper 
function of the mitral disc. Likewise, insertion of a poppet disc only in. 
the aortic valve position in a patient with combined aortic and mitral ^ ~ 
regurgitation may considerably increase the degree of mitral incompe- 
tence because the aortic prosthesis is intrinsically obstructive. mn 
Disc wear or variance was observed in all but one prosthesis in. 
place for more than 1 year. Although hemolytic anemia of significant — 
degree was not observed in any of the 16 patients who died late, the _ 
occurrence of renal hemosiderosis in 13 of the 16 patients indicates - 
that the poppet disc prosthesis is considerably traumatic to erythri 
cytes. Thus, this type of prosthesis is not an ideal substitute cardiac 
valve. It clots, despite anticoagulant therapy, it is intrinsically : stenotic, 
portions of it, that is, the disc, degenerate, and it causes hemolysis fe 
erythrocytes. 
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Although numerous clinical and hensodynamit studies. of. various 
prosthetic cardiac valves have been reported, comparatively few 
studies have focused on findings at necropsy in patients with one Or 
. more prosthetic valves. Of the latter studies Téparted most ha 
7. -in patients with caged-ball prostheses | rr- 
pot type)? or tissue valves.9-14 * This | 
























H nagel Type 


“Early Late 
“Deaths Deaths 
Valve («2 mo) 
¿Mitral 21 8 
-Aortic 20 4 
* Aortic + mitral 2 2* 

= Tricuspid 1 2 
“Tricuspid + mitral 0 
"Total patients 45 16 


(>2 mo) 


valv by; a discoid prost jesis of 


and is the first report, to our. knowledge, 


necropsy observations in a large group 
with prosthetic valves of the disci type. 


Patients Studied ; 
Valves Replaced T 


The 61 patients were classified-in: two groups 
tients who died within 65 days of opera 
and (2) 16 patients who died 4 to’ 47. mo 
months) after operation (late deaths). The ve 
are summarized in Table I. Of the 61 patient 


Total valves 48 18 66 cent) were men and 25 (41 percent) were wom 
ranged from 23 to 77 years (average 49) (Table 
of 66 valves were replaced: a disc prosthesi 


valves and a Hufnagel trileaflet prosthesis! 


* Hufnagel trileaflet rather than discoid prosthesis used to 
x replace aortic valve in one patient. 


— TABLE II 
Ages and Sex of Patients with Discoid (Hufnagel Type) Prostheses 


= Late Deaths ` 


Total 
(no.) 


Early Deaths 


Total 
(no.) 





Female 
(no.) 





Male 
(no.) 


Male 
(no.) 


Female 
(no.) 


: Age Range 
Valve Prosthesis & Average (yr) 
40-68 (50) 
23-77 (50) 
36-54 (40) 

43 (43) 
44 (44) 
23-77 (50) 


.. Aortic + mitral 

; Tricuspid 

. Tricuspid. + mitral 
‘Totals 


TABLE IH 

Types of Functional Valve Lesions in Patients with Discoid 
osthesis of the Hufnagel Type (61 patients; 

66 valves replaced) 


petent. Most stenotic valves also were incom 
a few of them the predominant hemodynar 
regurgitation rather than stenosis. Valves 
purely incompetent had no pressure gradient 
Preoperative cardiac catheterization data in t 
with isolated mitral or aortic valve replacem 
marized in Table IV. The preoperative functio 
cation (New York Heart Association criteria) 
tients was: II = 9 (15 percent); III = 36 (59 pe 
= 16 (26 percent). 2 


Etiology 


'The cause of the valvular disease was var 
tients with isolated mitral valve replacement, 
cent) had stenosis of rheumatic origin The o 
tients had purely incompetent valves caus 

1 2 muscle dysfunction or rupture due to myoca 

12 22 in five,!® infective endocarditis in two,?? 

T rupture of chordae tendineae in one?! . 
Tricuspid Valve valve syndrome” in one.?? 
* This ‘prosthesis. has a polypropylene base 

by a Dacron® velour. The cuff contains a central 

cone,” a substance that at least in vitro decrea: 

itself, disc stops and: frame are also made of 
: P ne disc italy; was covered by a y 


Early Deaths 


Valve Prosthesis — S Total 


Late Deaths 


Mitral Valve 








ll 20 








Too. 0 1 
icuspid + mitral. p 





12 


= TEM 
(42%) - qu) (GO (33%) 











Mitral Valve ; pe SR Sg 
(mean diastolic gradient ILA*-LV] ) cov (peak systole gradient iLV-SA]) — 
4-2 13-20 21-36 no. Cath. Total - 0-20 21-0 51-100 ^ no. Cath, Total 








































5 4 3 2 21 5 i 5 9 20 
1 2 1 4 8 0 1 (22 1 4 











* Pulmonary arterial wedge pressure rather. than left atrial pressure in some patients. 
Cath. catheterization; LA = teft atrium; LV = left ventricle; SA = systemic artery. 


Weight in Grams (Range and Average) in 61 Patients with a Discoid (Hufnagel Type) Valve 

















Early Deaths Late Deaths . 
‘Valve Replaced Men (no. = 28) Women (no, = 17) Total (no. = 45) Men (no. = = 8) Women (no. = 3) Total (no. = 16) 
350~750 370-640 350-750 400-660 420-600 400-660 
(590) (459) (528) (530) (493) (502) 
460-375 270-800 460-975 380-910 sus 380-910 “oa 
Eva se (662) (557) (641) (590) (690 . ^ 9$ 
Aortic + mitral 570-700 Meg 570-700 830 450 450-830 
: 5 (635) (635) (830) (450) (640) 
ee 370 370 550 300 300-550 
(370) (370) (550) (300) (425) 
480 480 eke Pis via 
(480) (480) 
350-975 370-800 350-975 380-910 300-600 300-910 
(633) (496) (614) (600) (464) (532) 





















; The valvular disease was of rheumatic origin in each ofo - 

had three-cusped stenotic aortic valves. Four of the three patients who had isolated tricuspid valve replace-. 

o had diffusely thickened mitral valves so their ment and in all five who had more than one valve replaced... 
nsidered to be of rheumatic origin??; the origin In none of the 61 patients were Aschoff bodies found. at 
& patients is uncertain, but probably degenera- necropsy in histologic sections of heart. 





alves was congenitally biscuspid.?8 Of the eight purely in- Myocardial Findings 

etent aortic valves, seven were three-cusped and one 

t usped: the cause of the regurgitation was infec- The heart weighis are summarized in Table V. The pa- 
e endocarditis in four, rheumatic disease in two, the tients who died late had on the average a smaller heart 

rfa yndrome i in one and trauma in one.?? than did those who died early. 












FIGURE 1. Prosthetic valve dysfunc- pis: 
tion. Transverse section of the cardi- 
ac ventricles (a) and excised stenotic. 
mitral valve (b) in a 57 year-old -. 
woman who died at operation after o 

replacement of the mitral valve witha- 
no. 19 Hufnagel discoid prosthesis 
(M). The margins. of the disc contact 
the left ventricular endocardium at 
several sites, and movement of the. = 
disc is impeded. in addition to mitral. 
stenosis and severe pulmonary hy-. ' 
pertension (90/45 mm Hg), the aortic - 
valve was mi ly stenotic. {peak sys- : 





















FIGURE 2. Prosthetic valve dysfunction. Views of a size 22 mitral valve prosthesis (M) 


in a 48 year old man who died in the operating room 


P. 


replacement of the severely stenotic mitral valve (mean diastolic gradient 31 mm Hg between the left atrium and left ventricle). A large thr 
-was excised from the left atrium at operation. At necropsy, portions of the margins of the disc and portions of the struts of the mitral val 
thesis contacted left ventricular endocardium. It appeared that there was inadequate space for flow of blood between the disc margin 
ventricular endocardium. a, view of prosthesis (M) from the left ventricle (LV) showing contact of disc margins with endocardium. The prosth 
ig very large. (Preoperatively, there was no mitral regurgitation or evidence of aortic valve dysfunction.) b, this view shows the left a 
"mitral valve prosthesis and aortic valve (AV). c, close-up transverse view of the prosthesis. VS = ventricular septum. 


Coronary atherosclerosis of various degrees was ob- 
^gerved in most of the 61 patients. The lumen of at least one 
ofthe three major coronary arteries (right, left anterior de- 
scending and left circumflex) was narrowed by more than 
15 percent in 15 patients (25 percent), 9 of whom died early 
and 6 of whom died late. 
.. Myocardial fibrosis of various degrees also was common. 
Nearly all patients on histologic examination of sections of 
; the left ventricular free wall or ventricular septum had 
small foci of interstitial or perivascular fibrosis. Further- 
more, on gross examination, focal scars were observed, at 
least in the apexes, of the left ventricular papillary muscles 


FIGURE 3. Prosthetic valve dysfunction. View of mitral valve pros- 
thesis (M) from the aorta (a) and left ventricle (b) in a 46 year old 
*. woman who died 3 days after replacement of a severely stenotic mi- 

“tral valve (pulmonary arterial wedge-left ventricular mean diastolic 
"gradient 18 mm Hg). During the entire postoperative period she had 
evidence of the low cardiac output syndrome and immediately after 
valve replacement, complete left bundie branch block was evi- 
denced on the electrocardiogram. This conduction disturbance had 
Aot been present preoperatively. a, this view shows the mitral disc 
::4M) from the aortic root. The aortic valve cusps have been excised. 
L = left and R = right coronary artery. b, this view shows that one of 
the prosthetic struts (arrow) has burrowed into the ventricular sep- 
tum (VS). The protrusion of this strut into the septum probably 
caused the left bundle branch block. Blood exits from the left ventri- 


cle only by passing between the strut (contacting the septum) and. _ 


the disc. ru 


of most patients. Grossly visible scars limited to: 
ventricular free wall or ventricular septum (excl 
pillary muscles) were less common, being observed in 
12 patients (20 percent), and were transmural (involving 
more than half the thickness of the myocardial wall) 
(16 percent) of them. D 
Myocardiai necrosis of various degrees also was com 
mon. Focal necrosis was observed in the stumps of the le 
ventricular papillary muscles in all of the 24 patients wh 
died early after mitral valve replacement, includin 
who died in the operating room. In all of these 24 patie. 
portions of the left ventricular papillary muscles had 
excised at operation. Small foci of "contraction ban 
also were observed on histologic examination of thi 
ventricular free wall and ventricular septum in most.of 
45 patients who died early. Although on histologic exami 
nation a number of patients had small foci of myoc 
necrosis limited to the left ventricular subendocardium € 
volving less than half the thickness of the wall), only si 
tients, all of whom died early, had grossly visible 
myocardial necrosis, these were transmural in fi 
subendocardial in two. Three of the six patients 
ly visible foci of myocardial necrosis also had grossly 
foci of myocardial fibrosis. All six patients with gi 
ble foci of myocardial necrosis had greater than 75 
narrowing of the lumen of at least one of the th 
extramural coronary arteries. In contrast, of the n 
grossly visible foci of myocardial fibrosis (without nec 
only four had coronary arterial luminal narrowing to 
degree. As 


Early Postoperative Deaths : 


Of the 45 patients, 13 (29 percent) died 
24 hours after operation, 33 (73 perce 
week and 36 (80 percent) within 2 week 
maining nine patients (20 percent) died 15 
after operation. Certain anatomic obs 
some of these patients are illustrated in Figu 
8. 


Low Output Syndrome , d 


£ 


Of the 45 patients, 7 died in the operating 
The postoperative course in the other 38 patien! 
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3 4 0 0 0 7¢ 16%) 
2 3 0 1 0 6(¢ 13%) 
4 0 0 0 0 4¢ 9%) 
241 320 2 1 1 45(00%) 





too large for left ventricle or aorta into which it 
:80 that flow across prosthesis was partially ob- 


| = mitral; T = tricuspid. 


ed by evidence of the low cardiac output 
* Although the low cardiac output syn- 
as an adequate explanation for death in 
à nts, a challenge at necropsy was to find 
cause or causes of the low cardiac output syn- 
me in each of the 38 patients surviving the opera- 
. The causes obviously varied (Table VI). In some 
ients, a clear anatomic cause was found. In others, 
atomic reason for the low cardiac output syn- 
or the intraoperative death was less certain or 
mic explanation for death was discernible. 





ative Hemorrhage 


ssive postoperative hemorrhage appeared re- 
ble in 11 (24 percent) of the 45 early deaths 
ble VI). The source of the bleeding in 5 of the 11 
| appeared to be diamond-shaped patches 
d been utilized to widen the aortic roots to 
prosthetic valve obstruction.?? Among the 28 
s whose aortic valve was replaced, 13 had 
ese patches inserted to widen the aortic root. These 
ches had been utilized in 10 of the 20 patients who 
v after aortic valve replacement, and 5 of 
from bleeding at this site (Fig. 4). Of the 
patients who died from hemorrhage, one 
d a previous thoracotomy and consequently 
pene and pericardial adhesions were 

















s at one time had direct systolic pressures of more 
m Each ako. had evidence of brise of at 





Mio and organ eaten inadequac: 
therap usui administra ion o 


muscle dysfunction resulting from acute myocardial ae 





à ients. 2 Each of the : 
lve replacement because 
al regurgitation, in three from papillary . 


infarction (1 week to 4 months earlier) and in. one. 
from infective endocarditis causing rupture of several 
mitral chordae tendineae. The latter patient had a 
large embolus to the left circumflex coronary artery 
causing a huge acute myocardial infarction several. ^... 
days before valve replacement. Three of the four pa- ^ < 
tients died in the operating room because of inade- . 
quate ventricular contractions and the fourth died 18 ur 
hours after operation. Du 


Associated Uncorrected Valve Disease 


The principal cause of death in the remaining 30. 
patients who died early is less clear. Associated un- ^. 
corrected valve disease may have been an important | 
factor in as many as 10 patients and was probably a =. 
principal cause of death in 6 of them. All 10 patients. ^. 
had both anatomic and clinical evidence of dysfunc- 
tion of more than one cardiac valve (mitral and aortic 
in 9 and mitral, aortic and tricuspid in 1), but all had 
undergone only single valve replacement. Four of the 
10 patients had also undergone commissurotomy on 
at least one of the malfunctioning valves. In these 10... 
patients the commissurotomy did not appear to re- 
lieve adequately the valvular stenosis, or the uncor- 
rected valvular lesion appeared to interfere with 
proper functioning of the prosthesis, or the use of. a 
prosthesis to replace one malfunctioning valve ap- 
peared to worsen the uncorrected valvular lesion, or 
the use of a prosthesis to replace one malfunctioning. 
valve caused a valve in which a commissurotomy had i 
been performed to be excessively incompetent.Some 
examples of these four possibilities follow and are il- 
lustrated in Figures 5 to 8. 

Aortic valve replacement and mitral valve 
commissurotomy (Fig. 5): In two patients who had. . 
aortic valve replacement for pure aortic regurgita- 
tion, mitral commissurotomy was performed because u 
of mitral stenosis. Although the preoperative aortic = .. 
valve lesion in each patient was pure regurgitation, it : 
is likely that use of a discoid prosthesis in the aortic... 
valve position created some systolic pressure gradient = 
between the left ventricle and aorta postoperatively, 
The mitral valves in these two patients contained . i 
considerable calcific deposits and consequently itis e 
likely that each mitral valve was somewhat incompe- 
tent after the commissurotomy. The creation of left ^. 
ventricular outflow obstruction, namely some degree = 
of prosthetic aortic stenosis, combined with commis- 
surctomy on calcific mitral stenosis almost certainly TE 
increases the degree of mitral regurgitation. Death in 
each of the two patients, which came 7 hours and 2 
days, respectively, after operation was attributed at 
necropsy to unicarterted mitral as ; 


















































ral valves were purely incompetent. The degree of valve. In one of these patients there was ext 
mitral regurgitation preoperatively in each was little space between the margins of the aor 
dged to be.1 to 94+-/4+. As in the two patients pre- thetic dise and the intima of aorta..Thus, almo 
sly described, the insertion of a discoid prosthe- tainly this patient had considerable prosthetic 
in the aortic valve position probably created some sis. The principal cause of his death is attri 
degree of aortic stenosis. The conversion of a purely prosthetic aortic stenosis, although postoperat 
‘incompetent aortic valve into a purely obstructive tral regurgitation may well have been im 
'one—of any degree——clearly increases the amount of Death in the second patient is attributed to 
-regurgitation through a purely incompetent mitral rected mitral regurgitation, probably worsen 


FIGURE 4. Aortic root patches to widen aorta. These photographs show aortic root patches and aortic discoid prostheses (all sized. 15) in 
patients; each prosthesis was inserted in 1971. The patches, designated by the arrows, are seen on transverse cuts of the aorta (a and 
62-year old man who died 5 days after his stenotic aortic valve was replaced with a disc. The patch has a teardrop shape (a). The patien 
from extensive bleeding from the area of the aortic root. L = left and R = right coronary artery. b, patch and prosthesis in a 66 year old Ww 
who died 20 days after replacement of her stenotic aortic valve. The cause of death was persistent bleeding from the area of the aortic 
She was returned to the operating room on two different occasions to control the hemorrhage. c, patch and prosthesis of a 63 year old 
who died 2 days after replacement of a purely incompetent aortic valve. Despite the purely regurgitant aortic lesion, the aortic root-had 
widened by the patch to provide adequate room for the disc prosthesis. d, patch of a 63 vear old man who could not be separated from ce 
, pulmonary bypass after replacement of his stenotic aortic valve. e, patch of a 43 year old man who died from massive bleeding in the ao 

5 area 7 hours after replacement of a purely incompetent aortic valve. zm 






























FIGURE 5. Uncorrected valvular disease. Aortic valve prosthesis and mitral valve of a 29 year old man who died 7 hours after a 
; placement and mitral commissurotomy. Preoperatively, the aortic valve was purely incompetent (3+/4+ aortic regurgitation). 
-valve was stenotic (mean diastolic pressure gradient 12 mm Hg). The entire 7 hour postoperative period was characterized by f 
low cardiac output syndrome. a, aortic valve prosthesis from above. The margins of struts contact the intima of aorta at three 
fourth is located at the orifice of the left (L) coronary artery. The amount of space between the margins of the disc and the intim 
root appears small. R = right coronary artery. b, scarred incompetent mitral valve viewed from the left ventricle. c, mitral valve vie 

ft atrium. The posteromedial commissure (arrows) was incised at operation. The valve orifice appears incompetent. Death in th 
probably related- to the mitral incompetency induced by commissurotomy. Preoperatively, the mitral valve was entirely stenotic. Pos 
it appears mainly incompetent. The aortic valve preoperatively was entirely incompetent, but postoperatively it appears stenotic: OI 
the aortic valve position may cause mild preoperative mitral regurgitation (from commissurotomy) to become moderate or severe pos 


ly 















yes 

-the operating ror m after mitral valve. replace- 
. ment and aortic valvuloplasty. Preoperatively, 

“she had mitral stenosis (mean diastolic pressure 
gradient 12 mm Hg), aortic regurgitation. and 
mild aortic stenosis (peak systolic left ventricu- 
lar-femoral arterial pressure gradient 23. mm 
Hg). a, aortic valve (AV) from above. it appears 
that the stenosis has been relieved but the price © 
may have been increased regurgitation. Aortic 
regurgitation in à patient with a mitral disc can 
cause the disc to cock and result in intermittent 
regurgitation between the left atrium (LA) and 
left ventricle (LV) in systole. L and R = left and 
right coronary arteries. b, coronal section of 
heart showing the relation of the mitral prosthe- 
sis to adjacent structures. VS = ventricular 
septum. 





















































me degree of obstruction at the level of the pros- death was attributed at necropsy to uncorrected aor- 
etic aortic valve. These two patients lived 1 and 3 tic valve disease 

, respectively, after operation. Mitral valve replacement and preoperative 
Mitral valve replacement and aortic valve aortie regurgitation (Fig 7): In each of the four pa- 
imissurotomy (Fig 6): In one patient the mitral tients with this combination the mitral valve was re- 
is replaced because of severe mitral stenosis, plaeed because of severe mitral stenosis (left atrial to 
ortic valve commissurotomy was performed be- left ventricular mean diastolic pressure gradient 
ight (15 mm Hg peak systolic pressure gra- ranging from 15 to 31 mm Hg); the aortic valve pre- 
t between left ventricle and a systemic artery) operatively in each was mildly (1 to 2+/4+) incompe- 
enosis. Examination of the aortic valve at tent, and in two, mildly stenotic (peak systolic pres- 
j strongly suggested that it was quite incom- sure gradients of 16 and 30 mm Hg). In one of these 
t i$ postulated that the regurgitant stream four patients mitral dysfunction was documented 
e incompetent aortic valve interfered with postoperatively. It is believed that the aortic regurgi- 

ir movement of the mitral disc, probably causing tant stream caused his mitral disc to cock, creating 

cock, thus creating prosthetic mitral dysfunc- considerable mitral prosthetic dysfunction. The mi- 
on. This patient died in the operating room and tral prosthetic sounds were quite variable postopera- 
p. tively in this patient, who was returned to the operat- 
ing room for replacement of the mitral valve prosthe- 
sis with a smaller one. In the other three patients 
clear clinical evidence that the mitral prosthesis was 
functioning improperly is lacking. In each of these 
three patients, however, the prosthesis appeared ob- 
structive (see later); two died in the operating room 
and the third, 2 days postoperatively. 

Tricuspid valve replacement and mitral and 
aortic valve commissurotomy (Fig 8): In one pa- 
1 tient a stenotic and incompetent tricuspid valve was 
RE 7. Uncorrected valvular disease. Views of the heart in a 45 replaced with a discoid prosthesis, and commissur- 
"old man who preoperatively had severe mitral stenosis (left otomy was performed on the mitral and aortic valves 
ventricular mean diastolic pressure gradient 16 mm Hg) because of calcific mitral and aortic stenosis. This pa- 




















regurgitation and underwent mitral valve replacement : : f : 
mm thesis 10 days before death. During the first tient lived 1 day after operation and at necropsy the 
ostoperatively, the prosthetic valvular sounds were inter- stenosis of neither valve appear ed relieved by the 
ng only about 50 percent of the time) and could be al- commissurotomy. Death is attributed, therefore, to 
ered y change. in body position. Because of this intermittent pros- uncorrected valvular disease. 
valvular dysfunction, the disc mitral valve prosthesis (M) was 
eplaced with a similar but smaller (20 mm) prosthesis. Prosthetic Prosthetic Dysfunction 


| sounds thereafter appeared normal. The remaining 8 days of Disproportion: In the remaining 24 patients who 


died early, prosthetic dysfunction from either dispro- 
portion (14 patients) or thrombosis (3 patients) ap- 
pears the most likely cause of death in 17 (38 per- 
cent). Disproportion is defined as too little space be- 
tween the margins of the prosthetic disc and the wall 
of either the left ventricle or aorta into which the. 
prosthesis was inserted. If this space between thedise .- 





g may. be missed at 
arteries or ostia. The 






gi S and the wall is too small, pécsthetic bitie * 
may result. Of the 14 patients with prosthetic 


p portion, 9 had had isolated mitral valve re- 
ment, 1 combined mitral and tricuspid valve re- 
ement, 1 combined mitral and aortic valve re- 
ement, and 3 isolated aortic valve replacement. 
e initral prosthesis in 10 and the aortic prosthesis 
was judged at necropsy to be obstructive or dis- 
oportionate. Prosthetic obstruction is obviously 
most likely to occur when the cardiac cavity (left ven- 
‘tricle) or great artery (aorta) into which a prosthesis 
is inserted is not dilated. Such was the case in all 14 
patients considered to have prosthetic obstruction. 
"Nine of the 10 patients in whom the mitral prosthesis 
appeared obstructive had had severe mitral stenosis 
preoperatively and the 10th patient had had pure m:- 
tral regurgitation of recent origin (rupture of chordae 
tendineae on a previously normal valve). In addition, 
the latter patient was a small, elderly woman (age 
0). Eight of the 10 patients with prosthetic mitral 
‘stenosis were women. In all but one the mitral valve 
prosthesis was judged to interfere with left ventricu- 
ar inflow (Fig. 1 and 2). Interference to left ventricu- 
ar outflow occurred in one patient (Fig. 3) and was 
associated with development of complete left bundle 
branch block postoperatively, and the ventricular 
ptum was severely indented by the stents or legs of 
he prosthesis. 

Despite severe aortic regurgitation in each (associ- 
ated with slight stenosis in one) and the insertion of a 
droplet-shaped patch in the aortic root in one, the as- 
cending aorta was not dilated in any of the four pa- 

.tients judged at necropsy to have prosthetic aortic 
obstruction (disproportion): two had aortic regurgita- 
“ition of recent onset (infective endocarditis), and in 


FIGURE 8. Uncorrected valvular disease. Aottic valve 
viewed from above (a), mitral valve viewed from the 
left atrium (b) and after being opened (c) and replaced 
“tricuspid (T) valve (d) in a 43 year old woman who pre- 
operatively had mitral stenosis, aortic stenosis and tri- 
Guspid regurgitation. At operation, the tricuspid valve 
was replaced with a discoid prosthesis and mitral and 
-aortic valvulotomy was performed. Throughout the en- 
&e-24 hour postoperative period the patient had evi- 
ence of the low cardiac output syndrome. At necrop- 
y, the aortic valve cusps.were rigid and the orifice ap- 
ared quite. stenotic (a). It seems likely that the com- 
surotomy on: this valve. did. not accomplish its pur- 
L and R = left and right coronary arteries; LA = 
trium; LV. = left ventricle; RA = right atrium. 


petent, or oth: (In combined mitral ond. ao 
disease irrespective of the type of aortic l 
ascending aorta usually is not dilated:??) In. 
these four patients prosthetic aortic stenosi 
judged to be present at operation when the. pa 
was unable to be separated from cardiopuln 
bypass. A smaller disc was then inserted but t 
tient showed evidence of extremely depressed: 
output during the entire 11 hour postopera 

od. 

Of the 14 patients considered to have pr y 
obstruction, 5 died in the operating room or with 
hours of operation, 7 between day 2 and 4 po: 
tively, 1 on day 6 and 1 on day 8 ; 

Prosthetic thrombosis: All three patie 
prosthetic dysfunction resulted from pro 
thrombosis had isolated aortic valve replace 
The thrombi in each were large enough t 
proper movement of the disc, and all three 
cal evidence of systemic emboli postoperativel 
systemic infarcts at necropsy. These three pati 
died 22. 30 and 45 days, respectively, after operati 
and all had received anticoagulant agents during: 
period. It is possible that some type of pros 
dysfunction preceded the development of pros 
thrombosis in these three patients. 


Deaths Withcut Adequate Explanation 


In the remaining seven patients who died e I 
reasonable anatomic explanation for death wa 
cernible at necropsy. The mitral valves had b 
placed in three (for stenosis in two, pure regurg 
tion in one) and the aortic valves in four (for sten 
in two, pure regurgitation in two). In each of t 





the only vàlv hat functioned abnormal- 
preoperatively was the valve replaced. The lumen 
east one of the three major coronary arteries - 
more than 75 percent narrowed in three of the ventricular walls carel. Thea average age (56 yea 
patients and each of them had transmural left and the average heart weight (663 g) of. these s 
ular scars. Another patient with nearly clean patients were higher than those of the group as 
ry arteries also had a healed transmural left whole. Of the seven patients, two died in the oper. 
entricular infarct at necropsy. It is obviously entire- ing room, two on day 2 postoperatively, one on: da 
' possible that the healed myocardial infarcts of one on day 22 and one on day 59. 


Late Postoperative Deaths 


The valves replaced, prosthetic implantation peri- 
ods and frequency of prosthetic thrombi, clinical 
equivalents of emboli, peribasilar prosthetic leak 
and disc variance or degeneration in the 16 patient; 
are summarized in Table VII, and several of the find- 
ings are illustrated in Figures 9 to 17. The implan Do 
tion periods ranged from 4 to 47 months (average as 
In 10 patients the implantation period was more than = 
12 months, 

Prosthetic thrombi: Of the 17 prosthetic disc 
vaives, 14 (in 14 patients) contained thrombi (Fig. 9 t 
and 11). The thrombi in all 14 patients were attached: > 
to the bases of the struts, all four in each of the pa-: 
tients in 13 patients the thrombi were small and 
probably did not interfere with movement of the 
discs, but in the 14th, & large thrombus also was lo 
cated on the atrial aspect of a tricuspid prosthesi 


went replacement of the stenotic (pulmonary arterial and it appeared to interfere with proper disc move 


eft ventricular mean diastolic gradient 9 mm Hg) mitral 
(8 size 19 Hufnagel discoid prosthesis 3 months before ; 
ition was not improved by operation and postopera- Prosthetic valve leaks: Peribasilar prastha c 


congestive cardiac failure continued to progress until it was aorto-left ventricular or left ventricular-left atrial ac- 

à seit od a small amount of thrombus was ane on the cessory communications (ring leaks) occurred in four > 
patients. These ring leaks involved mitral valve pros- = 
theses in three patients and an aortic valve prosthesis 
in one. None of the ring leaks were produced by in- 


in 16 Patients Who Died Late After Replacement of One or More Cardiac Valves with a Discoid 
is of the Hufnagel Type 





Status of Prosthesis 


Months of no. with - Thrombi 
Patients Implantation no. with Thrombi on Causing Clinical 
(no.) (range and average)  Thrombi Warfarin Dysfunction Emboli Ring Leak Disc Wear — Hemosiderosis- 








4-47 (15) 7 
9-47 (34) he, oe 
18-33 (26) 24 i 2 
18-36 (27) 2 g 
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1 
4-47 (21) 14 : ee eg : 

















































FIGURE 10. Prosthetic dysfunction causing 
thrombosis. Views of the heart in a 46 year old 
woman who had been weil until age 33 when 

"she experienced transient left hemiplegia and 
was found to have mitral stenosis. Another tran- 
‘sient stroke occurred when she was 42 years 
of age. Because of progressive congestive car- 
diac failure, mitral valve replacement was per- 
fortned in February 1973, six months before her 
death. No left atrial thrombus was observed at 

operation. Five months after operation right 

hemiplegia suddenly developed. Physical exami- 
nation disclosed crisp opening and closing pros- 

“thetic sounds. A month later she suddenly had 

evidence of a larger stroke and died. Necropsy 

:disclosed a large thrombus in the body of left 

atrium and a very small left ventricular cavity. 

Although the mitral prosthetic disc moved well, 

the amount of space (for blood to flow) between 

“the margins of the disc and the endocardium of 
left ventricle was minimal. a, left atrium from 
above showing a large thrombus (T) within its 
body. b, longitudinal section. The channel within 

the left atrium is outlined by white dashes. No 

thrombus is present on the mitral prosthesis 

(M). Ao = aorta; AV = aortic valve; CS = coro- 
nary sinus; LV 7 left ventricle; VS — ventricular 
septum. c, transverse sections of the cardiac 
ventricles showing the small size of the left ven- 
tricular cavity. d, close-up view near the left 
ventricular base showing the small amount of 
space available for the mitral prosthesis. TV = 
tricuspid valve orifice. 


FIGURE 11. Multiple systemic emboli after mi- 
tral valve replacement. Views of the heart ina 
47 year old woman whose stenotic mitral valve 
“was replaced with a size 19 discoid prosthesis 
.; and who also underwent a tricuspid anuloplasty 
for tricuspid regurgitation in July 1969 (19 

“months before death). At operation, no throm- 
bus was found in the left atrial cavity. One 
month postoperatively, she had evidence of 
splenic infarct and 11 months postoperatively 
.. right hemiparesis suddenly developed. A month 

before death she had evidence of another 
stroke. The prosthetic sounds in the entire post- 
operative period were always distinct. At nec- 
ropsy, both the brain and spleen were focally 
infarcted. Thrombus (T) was present in the body 
of the left atrium (a) but not in its appendage. 
z^ Thrombus also was present on each of the ver- 

“tical struts of the mitral prosthesis (b). The left 
“ventricular. cavity was small and the space be- 
“tween the margins of the disc and the endocar- 
dium of the left ventricle was small. The mar- 
ging. of the mitral-disc were focally grooved (ar- 
rows). The occurrence of thrombus in the body 
^ of the left atrium strongly suggests that the mi- 
tral prosthesis was stenotic. 








fection. In two of the three patients with mitral leaks, — 
the leak was closed at reoperation but the patient 
died shortly thereafter. The leaks in the other two 
ients were minute and neither patient had clinical 
idence of prosthetic regurgitation. A left ventricu- 
ar-to-right ventricular communication was inadver- 















: REPLACEMENT “BY DISC PROSTHES 


tently created at operation in one patient who under- 
went aortic valve replacement. foe 

Prosthetic valve degeneration (variance O 
wear): This was observed in 11 of the 17 discoi 
prostheses (Fig. 11 to 15)—in 6 of 10 mitral valve 
prostheses, 4 of 5 aortic valve prostheses and 1 of 





triscuspid valve prostheses. The degeneration was 
_ limited to the disc only; the bases and struts showed 
. no evidence of variance. Of the six prosthetic valves 
itral in five, aortic in one: in place for less than 1 
year (range 4 to 9 months [average 7]), disc wear oc- 

currëd in only one patient and she had had mitral 
valve replacement 9 months earlier. In the one pa- 
tient with a prosthetic aortic valve in place for less 
thi nl year (also 9 mnn no disc wear was evident. 


FIGURE 12. Uncorrected mitrai valve disease. Views 
-- of the heart in a 49 year.old woman who had signs and 
symptoms of congestive cardiac failure at age 31 
years and underwent mitral commissurotomy. She was 
thereafter free of symptoms cf cardiac dysfunction 
until age 44 when evidence of congestive cardiac fail- 
ure reappeared. Studies a year later disclosed mitral 
stenosis (puimomary arterial wedge-left. ventricular 
mean diastolic pressure gradient 13 mm Hg) and se- 
vere tricuspid valve regurgitation. Mitral commissur- 
otomy and tricuspid anuloplasty were performed (age 
45), but her concition did not improve. A year later a 
third cardiac operation was performed—the tricuspid 
vaive was replaced with a discoid prosthesis. Conges- 
tive cardiac failure persisted postoperatively and she 
died 36 months later. At necropsy, the disc of the tri- 
cuspid valve prosthesis moved well and there was no 
evidence of prosthetic dysfunction. A small amount of 
thrombus was present on the inner rim of the primary 
orifice. a, tricuspid valve prosthesis—in place for 36 
months— viewed from the right atrial aspect. b, same 
prosthesis as viewed from right ventricle. Grooves (ar- 
rows) are present at the margins of the disc. These in- 
dentations resulted from contact of the disc margins 
with the vertical struts and suggest that circular move- 
ment of the disc was severely limited. c, mitral valve 
from the left atrium. d, mitral vaive from the left ven- 
tricular aspect. A black probe (arrow) is in the mitral 
orifice. The orifice appears to be severely stenotic. In 
retrospect, it appears that this valve should have been 
replaced at the second or the third cardiac operation. 
e, opened left ventricle showing the thickened anterior 
leaflet of mitral valve and the mildly thickened aortic 
valve cusps. 


, FIGURE 13 (left). Disc wear (variance). Shown here are disc prostheses from two patients who had aortic valve replacement 47 and 24 
à ths, respectively, before death. Marginal grooves are present in each disc. There was never clinical evidence of prosthetic dysfunction in ei- 

ther: patient. The margins of each disz are indented at four sites (arrows), corresponding to the points of contact between the discs and the four 
vertical Struts. Each disc has been rotated to better illustrate the four marginal notches. 


FIGURE 14 (right). Disc wear. The prosthesis shown here was inserted in January 1970 and the patient died in September 1972. There was no 
evidence ‘during the 32 month implan:ation period that the prosthesis functioned abnormally. At necropsy, there is evidence of wear at the mar- 
ins of the disc: Several small grooves are present and several cysts (arrows) containing postmortem blood clot are present. 


to 47 months [average 304), disc wear occurred in 10. 
The only prosthesis devoid of disc wear had an im- 
plantation period of 18 months and was located in 
the tricuspid valve position. The only other prosthe- 
sis utilized for tricuspid valve replacement did show 
disc wear, but this prosthesis was in place for 36 
months. 

The degree of disc wear observed in the 11 in- 
volved prostheses was variable; in 7 devices (4 mitral, 
2 aortic, 1 tricuspid) the wear cónsisted of four inden- 
tations at the margins of the discs. These indenta- 
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FIGURE 15. Disc degeneration. Views of the aortic valve prosthesis in a 24 year old man who underwent replacement of both the mitr 
.aortic valves in November 1964 (33 months before death) because of severe congestive cardiac failure from combined mitral and aortic 
. gitation. Size 22.5 mitral and size 15 aortic valve prostheses were used. Postoperatively, the patient returned to near normal physical a 
and appeared well until 2 months before death (31 months after operation) when evidence of congestive cardiac failure reappeared. ‘Exar 
“tion 3 days beore death disclosed an audible clicking sound within 10 cm of the precordium without use of a stethoscope. A loud (grade 3/6) sy: 
tolic ejection murmur associated with a thrill, loudest along the left sternal border, was heard. In addition, a grade 2/6 intermittent diastolic blo 
=: ing murmur was audible over the same area and a grade 2/6 pansystolic blowing murmur was heard at the apex and in the left axilla. During 
next 3 days the congestive failure rapidly progressed and a seconc cardiac operation was performed on an emergency basis. The mitral ve 
‘disc showed evidence of severe degeneration and moved poorly. It was replaced with another disc prosthesis. The aortic valve prosthesis 
inspected but not replaced. A tricuspid valve anuloplasty also was performed, but the patient could not be weaned from cardiopulmonary by- 
iss. At necropsy, the disc of the aortic prosthesis showed considerable evidence of wear. This prosthesis is shown in place on the left and 
after removal on the right. The margins of the disc are focally eroded and contain several swellings. The largest of the swellings is yellow it 
the presence of lipid material. Several of the swellings are black due to the presence of blood within these cysts. A cyst also is pr 
he crossing point of the horizontal struts. The aortic root (left) contains focal elevated intimal lesions (arrows), probably the result of 
flow. The kidneys contained large quantities of iron, indicating that hemolysis was occurring intravascularly. L and R = left and right cor 































These cystic swellings contained yellow depo: 
(lipid). In three of these four prosthetic dises, 4 
merous cystic swellings appeared large enough to 
terfere with proper functioning of the prosthesis. | 
uncertain whether the indentations by themselv 
were capable of interfering with proper disc mov 
ment in the other seven prosthetic discs. 

Renal hemosiderosis: Deposits of iron were pre 
ent in the cytoplasm of renal tubules in 13 of the ^ 
patients who died late. The amount of iron depos 
! ; in the kidneys was graded on a scale of 0 to 4+. The 
IGURE 16. Endocardial fibrosis after mitral valve replacement. Mi- largest deposits, producing a "blue kidney" after i1 
ral valve prosthesis in a 61 year old woman who underwent mitral mersion of the cut kidney in Prussian blue solut 
valve replacement in September 1972 because of mitral stenosis. occurred in the patients with an aortic valve prost! 
Her condition was improved by the operation but she died 8 months sis (all six were 3+ or 4+). Large renal ironic. depo 
4later of uncertain reasons. At necropsy, the endocardium of the left e 

occurred in only one of the eight patients with i 


entricle in the area of the prosthesis was severely thickened. In ad- 
dition, similar fibrous tissue completely covered the cloth portions of ed mitral valve replac ement, and this patie 


the prosthesis on both the ventricular (a) and atrial (b) aspects. The large paramitral ring leak. No renal iron wW 
disc moved normally. served in either of the two patients with isolatec t 

cuspid valve replacement. 
Anatomie cardiac changes: Focal thickening à 




















































. tions were located equidistant from one another (90°, 
180°, 270° and 360°) and corresponded to the loca- 
— tions of the vertical struts. In two of the seven pros- 20 
"theses the disc marginal indentations were minute. It numerous elastic fibrils covered the stumps « 
may be assumed that the indentations resulted from amputated left ventricular papillary muscles in ail 1 
ontact of the margins of the disc with the vertical patients. Similar thickening was present in the 
truts. The occurrence of four indentations in each basal portions of the left ventricle and focally n 

























isc suggests that the discs moved little or not at all ventricular septum. 
in.a circular fashion. The remaining four prostheses The intima of the aortic root was thickener 
inot only had marginal indentations, but also multi- each of the five patients who died late after aor! 
ple, small cystic swelling at the margins of the discs. valve replacement. This thickening was extensiv 
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f um s Recent wi  Discoid Prosthesis 





` Cause oce i SM VA MEA T Total 











sthesisrelated 10( 63%) 
ise degeneration 0 0 1 0 
'ibasibar leak 1 0 0 0 
trial thrombus 3 0 0 1 
1 2 0 0 
1€ 0 0 1 0 
oronary heart disease 1 1 0 0 2(1295) 
irtain cause 2 0 0 0 2¢ 13%) 
corrected valvular disease 0 0 0 1 1( 6%) 
cellaneous 0 1 0 0 1( 6%) 
Total fi 8 4 2 2 16(100%) 





= aortic; M = mitral; T = tricuspid. 





n though focal in each of the four patients with 
sthetic implantation periods of 24 months or long- 
The ostia of the coronary arteries appeared com- 
romised by this intimal fibrous proliferation in one 
: five patients. 

oci of myocardial necrosis were absent in all 16 
ts who died late, but foci of left ventricular 
'dial fibrosis were observed grossly in four pa- 
~The scarring was transmural in each, “mas- 
n two. Although gross left ventricular myocar- 
rring (excluding that involving only papillary 
‘was present in only four patients (25 per- 
severe (greater than 75 percent) luminal nar- 
involving one or more of the three major ex- 
ural coronary arteries was observed in 6 of the 
itients, and 3 of them had transmural left ven- 
ar Scarring. One patient with transmural left 
‘icular scarring did not have severe (greater than 
ercent) coronary arterial luminal narrowing. 


of Late Deaths 
osthetic valve-related deaths: The principal 
of death in each of the 16 patients who died 
isted in Table VIII. Death was related to the 
nceof the prosthesis in 10 of the 16 patients. 
ear or degeneration was clearly responsible 
patient. In this patient severe congestive heart 
e suddenly developed 33 months postoperative- 
i 'examination disclosed evidence of mitral and 
ortic prosthetic valve dysfunction. Reoperation 
ed « severe degeneration of both mitral and aortic 
etic discs (Fig. 15) and the mitral valve pros- 
s was excised and replaced with another.The pa- 
it, however, could not be separated from cardio- 
ulmonary bypass. 

basilar prosthetic detachment causing large 
ntricular-left atrial regurgitation appeared re- 
sible for severe congestive cardiac failure in one 


























sory Communication. ^ 


who died shortly after operative closure: of 





m eveloped ín. 
ff th systemic emboli = 
to 12). Three of these four pa- 
tients had had mitral valve replacement and one, tri- — 
cuspid valve replacement. Each mitral valve prosthe- ~ 
sis was free of thrombi except on the bases of the. 
struts. The tricuspid valve prosthesis contained ob- va 
structing thrombus on the atrial aspect. The finding __ 
of thrombus in the body of the atrium, as opposed to 
that confined to the atrial appendage, in the absence 
of thrombi before valve replacement, strongly ^ 
suggests an element of prosthetic obstruction in each ~ 
patient.??3? In none of these four patients, who lived > 
from 5 to 19 months (average 13) postoperatively, did. . 
operation result in symptomatic improvement. © : 
Infection was a major factor in causing death in 
three patients. All three had intermittent septicemia ore 
and two during life were considered to have “pros- . 
thetic endocarditis." Two had evidence of systemic p 
emboli postoperatively. One, in whom diphtheroid 
species were cultured from the blood, had an infected ~ 
vegetation on the ventricular aspect of an aortic pros- 
thesis and extension of the infection beneath the site 
of attachment but no disruption of the prosthesis...’ 
Another patient, who also had diphtheroid species  . 
cultured from the blood, had a small thrombus, de- ^ 
void of organisms, on the primary orifice but no dis- 
ruption or infection in the prosthetic anulus. The. 
third patient had various gram-negative organisms © 
cultured periodically from the blood during the en. 
tire 24 month postoperative period. Death occurr 
during reoperation to excise a portion of the infected 
sternum. Despite the periodic septicemia, no vege 
tions were present on the prosthesis at necropsy and. 
the tissue beneath the site of attachment of the aortic. 
prosthesis was free of infection. EOM 
The last patient whose death was related to ‘the eke 
prosthesis had undergone double valve replacement. = 
18 months earlier with insertion of a Hufnagel trileaf- ^ 
let aortic valve and a discoid mitral valve. The tri-se 
leaflet aortic valve cusps tore, causing incompetency, 
and a ring leak developed in the paramitral region. 
Reoperation to replace the degenerated trileaflet aor- ^. 
tic valve, close the mitral peribasilar leak and replace 
the incompetent tricuspid valve with a disc prosthe- ; 
sis was unsuccessful. wee 
Coronary artery disease: Two patients, each um 
with a healed large transmural myocardial infarct, 
clearly died from consequences of severe coronary 
atherosclerosis. One of them initially had mitral valve. 
replacement because of papillary muscle dysfunction. 
secondary to coronary disease. eg 
Uncertain cause: There was no apparent anatom- SORGE 
ic cause of death in two patients. Both had under- ^ - 
gone mitral valve replacement. One, a 61 year old = 
woman, died suddenly 8 months postoperatively and - 
had severe narrowing of one coronary artery but no 
myocardial fibrosis or necrosis. The second, a 47 year 
old woman, lived 47 months after: operation. Conges- 
tive Heer failure appeared several weeks before 






















































d at necropsy he mitral disc: Snina | 


ions but no cysts or lipid. infiltrations. Cath- 


ation several days before death showed a small 
Hg) mean diastolic gradient between the left 
and left ventricle. 

orrected associated cardiac valve disease: 
ppeared responsible for the death of one pa- 
nt, who had had tricuspid valve replacement and 
nbined mitral and aortic commissurotomy for ste- 
is 36 months earlier (Fig. 12). Necropsy disclosed 
hat both mitral and aortic valves were quite stenotic. 
_ One patient had a fatal dissecting aortic aneurysm 

30 months after successful aortic valve replacement. 


Comments 


During the past 15 years a number of different 
prosthetic devices have been introduced to serve as 
ibstitutes for malfunctioning cardiac valves. Al- 
yugh nearly 40 differently named prosthetic cardi- 
valves have been manufactured, most presently 
sed prosthetic valves have one of four basic designs: 
1) caged-ball, (2) caged-disc or lens, (3) flap or 
ed lens, or (4) tissue valve.31? The most com- 
ly used valvular prosthesis has been the caged- 
Multiple changes in the design of this prosthesis 
occurred during the past 15 years, and numer- 
reports are now available describing the results 
consequences of use of this prosthesis in pa- 
nts.34-38 The caged-disc prosthesis has not been as 
opular as the caged-ball prosthesis and, unlike the 
atter, its use has been limited by most surgeons to 
he mitral and tricuspid positions.??49 An advantage 
of the disc mitral valve prosthesis over the caged- ball 
“mitral valve prosthesis has been its applicability to 
_ hearts with a “small” left ventricular cavity.*! In con- 
rast to many hemodynamic studies of the caged-ball 
| prosthesis, 35:37.42-47 however, there have been rela- 
tively few hemodynamic studies on the disc prosthe- 
is,48-5> and to our knowledge no detailed anatomic 
udies of hearts containing this prosthesis have been 
ported. The flap or hinged lens prosthesis has been 
ining in popularity in the past 5 years.56-9? In con- 
trast to the caged-ball and disc prostheses, the 
aged lens prosthesis resides primarily within the 
lvular anulus and consequently occupies little 
space within a ventricular cavity or ascending aorta. 
_ Furthermore, flow through this prosthesis is semi- 
central rather than entirely peripheral. Tissue valves, 
of either homologous or heterologous origin, although 
popular in some centers, 5??? have been less widely 
used than rigid-frame prostheses. The major advan- 
tage of the tissue valve is central flow, as in the nor- 
al valve. At present, there is no consensus as to 
ich cardiac valvular prosthesis is best. The fact 
hat so many different ones are being utilized indi- 
s that the search for the best one continues. 
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causes el: Prosthetic Cardiac Valve Stënósis 





1. intrinsic stenosis of the prosthesis (design problem) 
2. Inadequate space in left or right ventricle or in ascen 
aorta. to freely accommodate prosthesis (prosth t 
proportion or tertiary orifice stenosis) 
3, Thrombus formation on prosthesis 
A. Prosthetic ring (primary orifice) a 
B. Prosthetic struts or legs causing sticking of popp 
4, Prosthetic variance 
A. Swelling, due to lipid infiltration, of poppet caus 
stick either permanently or transiently in th: 
B. Grooving (notching) of the margins of the pop 
causing sticking or cocking (disc) E 





gel in 1962.5 Although the Hufnagel disci p 
has certain unique features, much of the inf 
derived from study of this particular discoid p 
sis is also applicable to other prostheses w t 


type. 
Causes of Prosthetic Valve Stenosis 


Disc design and inadequate space in ve 
or aorta: Although at one time considere 
nonobstructive because of its low profile de 
disc type poppet prosthesis, as shown by o 
may be obstructive. Possible causes of prosthe 
nosis are listed in Table IX. It is now well ap 
ed that the caged-ball prosthesis may obst: 
ventricular outflow or inflow after mitra 
placement if theleft ventricular cavityissmall 
73 and that this device in the aortic position m 
struct if the aorta is small (that is, too little sy 
tween the surface of the poppet and the in 
aorta.23:8.28.74,75) In this study, 13 (38 percen 
patients with a mitral valve disc prosthes: 
judged at necropsy to have insufficient sp 
tween the margins of the disc and the ventric 
docardium. In several patients, the dise m 
necropsy contacted left ventricular endocardi 
disc mobility appeared limited. Of the 13 pa 
died early and 3 late, and all had a "small 
mal-sized left ventricular cavity. Only one 
sidered at necropsy to have left ventricu 
obstruction; the others had only inflow à 
The worse the obstruction, generally, the 
interval between operation and death; pa 
the severest anatomic obstruction geni 
within 24 hours of operation. 

Evidence for prosthetic mitral stenosis in 
patients who died late was the occurrence 
thrombi in the body of the left atrium 
Thrombi frequently occur in the appenda: 
atrium in patients with congestive heart fai 
any cause, but their presence in the body 
atrium is infrequent and in our experie 
only in patients with obstruction to left 
flow, that. is, mitral stenosis. 18 One of th 


tients who died late after tricuspid valve replz 
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1969 17 3-25 (15) 
19734 14 6-23 (9) 
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right. atrial thrombus obstructing the tricuspid 
fice. The occurrence of thrombus in the body of 
itrium probably is also indicative of obstruction 
trial outflow, that is, prosthetic tricuspid 
sis. "6 Cardiac catheterization in the latter 
sclosed marked elevation of right atrial 


sthetie e stenosis was judged to be present 
sy in 3 (11 percent) of the 28 patients with 
c valve prosthesis. in 3 of the 22 who died 
id in none of the 6 who died late. To prevent 
urrence of prosthetic aortic stenosis a dia- 
haped patch had been inserted in the aortic 
13 (46 percent) of the 28 patients with a re- 
ed aortic valve.?575 
enever a judgment is made at necropsy that a 
cardiac valve is obstructive because the 
ntricular cavity or aortic root is too small to freely 
'ommodate the prosthesis, consideration must be 
the possibility that the ventricle or aorta is 
‘smaller at necropsy than during life because 
essure is now zero or because the specimen has 
en fixed in formalin®*, or both. When dealing with 
theses of the disc type, however, concern is only 
e area 1 cm downstream from the site of at- 
f the prosthesis. Obviously, there is no 
of the prosthesis itself between life and 
nd the rigidity of the prosthetic ring prevents 











hin 1 cm of the prosthetic anulus. Thus, al- 
ig M of the left or right ventricle or of 


sive e oot that a prosthetic cardiac vile 
ds the demonstration of a pressure gra- 





ontracture of either the aorta or ventricular . 


Ç = cardiac index; LA = left atrium; LV = left ventricle; Postop = postoperatively; Preop = preoperatively. 


dient across it. Hemodynamic studies in patients . 
with certain disc valves have demonstrated sizable  ** 
pressure gradients across them. Table X summarizes 
late hemodynamic observations after replacement of 
the mitral valve with a Kay-Shiley,595455 Bea]]49,5053 — . . 
or Kay-Suzuki?? prosthesis of the disc type. All three. 
prostheses in this position produced significant mean 
pressure gradients at rest between the left atrium (or. 
pulmonary arterial wedge position) and left ventricle 
Among the 110 patients studied, the mean gradien 
was 9 mm Hg at rest and 17 mm Hg after exercise: 
There are no available late hemodynamic studies on 
the Hufnagel discoid prosthesis in either the mitral. 
or aortic position. ue 
Disc prostheses of the nontilting type have been ONE 
used infrequently in the aortic valve position, and = 
there is consequently relatively little hemodynamic. ; 
information on them in this position. Björk et al?! |. 
performed isolated aortic valve replacement using 
Kay-Shiley dise prostheses in 60 patients, 4 of whom = 
had an oval-shaped patch inserted to widen the aor- . 
tic root. Thirteen of the 60 died during the follow-up 
period of 13 to 33 months (mean 20). Hemodynamic 
studies in 34 of the 60 patients an average of 12 
months postoperatively disclosed peak systolic pres: - 
sure gradients at rest across the prostheses ranging > 
from 9 to 61 mm Hg (average 27); with exercise these ` 
gradients increased to 10 to 100 mm Hg (average 38). 
The smaller-sized valves produced larger gradients 
than did the larger-sized valves. Kay et al^? utilized =- 
Kay-Suzuki discoid prostheses for aortic valve re- 
placement in 74 patients, 11 of whom underwent car- = 
diac catheterization more than a year after valve re- `. 
placement; in none was the peak systolic pressure = 
gradient between the left ventricle and systemic ar- ~ 
tery more than 10 mm Hg and in 6 it was zero. Fur- 
thermore, the largest gradient. roduced. by exe ise 
was 10 mm Hg. The gradients rec : 
across Kay-Suzuki disc oid à 


















ley discoid E gross. A diiterestingh the 
iure gradients across Starr-Edwards aortic pros- 
in patients also studied by Kay et al. were con- 
bly smaller across the caged-ball prostheses 
those reported by other authors***7?-47 using 
' prostheses. 
ite cardiac catheterization findings: Cardiac 
atheterization was performed late postoperatively in 
f our 16 patients who died late. In one, whose tri- 
ipid valve had been replaced, the right atrial pres- 
sures were enormously elevated, strongly suggesting 
prosthetic tricuspid valve obstruction; right ventricu- 
lar pressure was not recorded. In the second patient, 
cardiac catheterization 47 months after mitral valve 
replacement disclosed a 4 mm Hg mean diastolic 
pressure gradient between the pulmonary arterial 
; wedge position and left ventricle. Recently, three liv- 
ing patients with Hufnagel discoid prostheses under- 
went catheterization late postoperatively: in one, aor- 
tic valve replacement was performed in 1964 and 
study 10 years later showed only a 10 mm Hg peak 
stolic gradient across the prosthesis when the car- 
ic index was 2.4 liter/min per m?. The second also 
d aortic valve replacement, and cardiac catheter- 
on 45 months later disclosed a 77 mm Hg systolic 
essure gradient between the left ventricle and aorta 
n the cardiac index was 2.5 liters/min per m?. 
third had mitral valve replacement in 1968 and 
he current mean diastolic gradient between the left 
rium and left ventricle in 1974 was 11 mm Hg when 
he cardiac index was 2.8 liter/min per m?. 
" Thrombus formation on prosthesis: Causes of 
; prosthetic cardiac valve stenosis other than prosthet- 
ic disproportion and faulty design include prosthetic 
. thrombosis and prosthetic variance (Table IX). 
© "Thrombus formation despite anticoagulant therapy 
ds a real or potential complication of all rigid-frame 
_ prosthetic valves.5.13323533,77 Although the frequency 
clinical evidence of emboli may be diminishing 
with the more recently developed models, most 
yrosthetic cardiac valves at necropsy contain throm- 
us? (14 [88 percent] of our 16 patients who died 
late). Usually the amount of thrombus on the struts 
r primary orifice is not sufficient to interfere with 
_ proper movement of the poppet?! (in none of the 16 
‘patients described herein), and clinical evidence of 
“systemic emboli are infrequent when the prosthetic 
thrombi are small. When large, however, the thrombi 
may obstruct flow through the prosthesis and make 
the poppet immobile.7?-5? With prostheses of the disc 
type, the poppet may be tilted in the cage by throm- 
bus on one side, or thrombus may fill the entire space 
between the disc and ring, causing complete immo- 
bility of the poppet. 3,79 Although changes may occur 
the opening and closing prosthetic clicking 
ounds,8!83 severe obstruction from thrombus may 
in the presence of normal susculiatory 
inds*? and even normal findings on angiography.9? 
P ppet variance causing. obstruction:: Poppet 


ice is a well recognized cause of obstruction in . 
osthetic cardiac valves of the pgod: ball type! riae mos 


Slight regurgitation intrinsic to: design of many prosthes 
Peribasilar accessory communication 
A. Inadequate number of sutures 
B. Inadequate placement of sutures due to. calci 
posits in or adjacent to anulus 
C. -Pulling toose of suture(s) 
1, After replacement of anatomically normal ol 
vaive 
2. infection at site of attachment of prosthesis 
Thrombus formation on prosthetic struts preventin 
seating of poppet or causing it to stick in an opel 1 
Prosthetic variance à 
A. Atrophy of poppet 
1. Incomplete seating 
2. Dislodgement 
Fracture of poppet 
1. incomplete seating 
2. Dislodgment 
C. Fracture of strut 
1. Dislodgment of poppet 
D. Disruption of ring cloth x 
5. Mechanical interference to proper seating of pop 
A. Unexcised calcific material or chordae tendi 
suture between poppet and ring. E 
B. Strut of a mitral prosthesis preventing proper 
the poppet of an aortic prosthesis. ; 
C. An aortic regurgitant jet stream causing. Cock 
incomplete closure of a mitral poppet i 


the obstruction is due to swelling of the popp 
impaction in the cage. Degeneration of a popp 
the disc type is less well appreciated but is also 
mon.79:97-105 Tn contrast to variance of a ca 
variance of a poppet of the disc type, to our kno 
edge, has not been demonstrated hemodynam 
to cause prosthetic obstruction (Fig. 13). One | 
described herein, however (Fig. 15), was con 

at reoperation to have mitral obstruction from 
degeneration of the mitral disc. 


Prosthetic Valve Regurgitation 


Valve design: Although a trace of "NE 
inherent in most presently available r 
prosthetic cardiac valves, significant reg rgit 
through or around a prosthetic valve may 
common than stenosis. This situation almost 
ly is the case with caged-ball prostheses, but it 
sible that regurgitation through a prosthes 
disc type is more common than generall: 
How often tilting or cocking of a disc or len 
uncertain. Fixed tilting due to thrombus fo 
disc wear or jamming of the disc in an ope 
for no apparent reason quickly leads to clini 
dence of prosthetic malfunction?7-13 (Table ) 
termittent or transient tilting, however, is 
far more common than fixed tilting, and inter 
cocking may occur without disc thrombosi 


` variance. It is conceivable that acute tilting 


could podis. sudden death and that. th 








sc variance: : This i is. i probably a major cause of 
cocking. In contrast to ball valves in which the 
poppet is rotating or spisning during its period of 
ovement so that a different portion of its surface 
*ts the apex or ring of the cage during each 
eat, random movement or circular rotation does not 
eur with the. caged-disc poppet prosthesis. Evi- 
ce for the lack of disc rotation is the occurrence of 
grooves in the margins of the discs. Each groove 
irectly opposite a vertieal strut. This grooving has 
n described with most disc prostheses including 
iy-Shiley, Cross-Jones, Hufnagel, Kay-Suzuki 
mmersmith types.27.98.100-106,109 The grooving 
‘severe in the discs consisting of or covered by 
| rubber,27-98.101,106,:09 hut it also has been ob- 
ed in discs composed of Teflon®!102 and poly- 
pvlene,101105 Whether grooving will occur in the 
discs. composed ef pyrolite carbon-coated 
mains to be determined.”8 
ions in the margins of the discs were ob- 
of the 17 prosthetic disc valves described 
h implantation periods of more than 2 
The grooving invelved only the silicone rub- 
ion of the discs; no wear was evident in the 
opylene portion. With the exception of 1 disc 
esis in which only two indentations were ob- 
‘the other 10 had four marginal indentations, 
ectly opposite a vertical strut. The earliest 
f disc wear—small marginal grooves—oc- 
-a mitral disc in place for 9 months, but no 
y found. in an aortic prosthetic disc in place 
ilar period of time. Wear was not limited to 
, implanted in the left side of the heart. A 
of a tricuspid valve prosthesis in place for 36 
ths showed four large marginal grooves. The 
stheses in place for the longest periods generally 
he greatest amount of disc wear, and the aortic 
in general had more wear than the mitral discs, 
had more than the tricuspid discs. The pres- 
hese marginal grooves may cause the disc “to 
ch” or stick to one or two struts and therefore fail 
» properly. Manipulation at necropsy of these 
d discs indicated that sticking or cocking could 
inless the closing pressure was applied directly 
'enter of the disc. 
only has disc grooving been observed, but also 
the disc margias of both mitral and aortic 
rostheses with infiltration by lipids has oc- 
When. cracks occur into the disc margins, 
al cysts commonly result. These cysts almost 
crease the tendency, for disc cocking. 
nent of silicone rubber aortic poppets is 
gnized complication of caged-ball pros- 

islodgment of mitral discs also has oc- 

ithout fracture of a strut.!04195 
























ocking due to aortic regurgitation — 
ized « cause of mitral disc cocki ag 


known, has; a shorter iens Jongth than dee 
the anterior left ventricular free wall; that is, the dis- — 
tance between the basal attachment of the posterior E 
mitral leaflet and the left ventricular apex is shorter 
than the distance between the base of the aortic valve — 
(right anterior cusp) and the left ventricular apex.!* 
As a consequence, when the mitral valve is replaced — 

in the setting of a shortened posterior left ventricular .. 
wall, the disc (or cage) points directly toward the >- 
ventricular septum so that the disc is more or less . . 
parallel to the longitudinal axis o? the septum and... 
also to that of the ascending aorta. (In contrast, when — 
the preoperative lesion is pure mitral regurgitation, 
the disc points toward the left ventricular apex rath- . 
er than toward the ventricular septum.) Thus, during . 
ventricular diastole disc cocking may be produced by» 
contact of the aortic regurgitant jet stream with the ^ : 
atrial side of the disc, thus preventing its complete 
closure. For normal function it is mandatory that the... 
disc move parallel to the valve seat throughout itsen- ^ 
tire excursion. In the presence of aortic regurgitation, |. 
the mitral disc during ventricular diastole becomes 
cocked when one edge moves prematurely toward the . 
valve seat while the opposite edge remains in the . 
open position. During the next ventricular systole,. 
the lens or disc may remain tilted, resulting in pros- 
thetic regurgitation. Edgett et al. 197 described pros 
thetic regurgitation early postoperatively in four p 
tients after mitral valve replacement with a discoi 
prosthesis and three of their four patients had uncor 
rected aortic regurgitation. Interestingly, two of th 
four patients had a Hufnagel discoid prosthesis. . . 
These authors clearly demonstrated cocking of the 
mitral disc by cinefluorography, and the most likely .. 
explanation appears to be the associated aortic regur- =- 
gitation jet's interfering with proper functioning of 

the disc. 





















































Uncorrected Associated Valve Disease 


Not only may uncorrected associated valve disease |. 
(aortic regurgitation) interfere with proper function- 
ing of a disc prosthesis (mitral), but also a malfunc- 
tioning prosthesis (aortic) may worsen an uncorrect-- 
ed associated valvular lesion (mitral regurgitation). ^ 
The latter situation occurs primarily in patients who — 
preoperatively have combined pure aortic regurgita- | 
tion and pure mitral regurgitation. The aortic valveis | - 
replaced with a dise but the mitral regurgitation is < 
net considered severe enough to warrant. valve re- | ^ 
placement. It is well known that after aortic valve re- =x 
placement with a caged-ball prosthesis a systolic ^ 
pressure gradient is virtually. always produced be- — 
tween the left ventricle. and the aorta.* An aorti 


















l tgitation from mild to moderdts a 


to severe. Such probably was the 
several patients described herein. 


sssuirotomy vs. Valve Replacement 


Although a number of patients in our study preop- 
ratively had functional lesions of both the mitral 
nd aortic valves, double valve replacement was car- 
ed out in only a few. Several other patients, how- 

ever, had replacement of one valve and commissur- 
otomy or anuloplasty of the other valve. One patient 
with combined tricuspid, mitral and aortic stenosis 
had tricuspid valve replacement and commissur- 
otomy on both the calcified mitral and aortic valves. 
‘Whether commissurotomy on any grossly calcified 
mitral or aortic valve is a proper procedure is debat- 
ed. In patients with combined valvular disease severe 
enough to warrant valve replacement, particularly 
when both left-sided cardiac valves are involved, it 
ma be most reasonable to err on the side of double 
ve replacement rather than replacement of one 
alve and commissurotomy or anuloplasty on the 
ner. The functional result of a commissurotomy or 
uloplasty is not as predictable as that of valve re- 
icement particularly when the commissurotomy in- 

es a grossly calcified valve. 

In general, longevity of patients with replaced mi- 
ral and aortic valves is determined by the status of 
he aortic valve prosthesis. Patients with isolated mi- 
fal disease and a mitral valve prosthesis have a bet- 
er prognosis, in general, than do patients with isolat- 

ed aortic valve disease and an aortic valve prosthesis. 
"Thus, although there may be an occasional patient 
with combined mitral and aortic disease in whom mi- 
| valve replacement and aortic valve commissur- 
-otomy or anuloplasty may be justified, there appears 
le indication, as a rule, for the reverse procedure— 
lacement of the aortic valve and commissurotomy 
or anuloplasty of the mitral valve. In the latter situa- 
"tion, mitral valve replacement probably more often 
üproves than worsens the prognosis. 


urbulent Flow and Intravascular Hemolysis 


« In contrast to central flow substitute cardiac valves 
issue valves?-!^ and Hufnagel trileaflet prosthes- 

. 6819.17), the caged-ball and caged-disc prosthetic car- 
diac valves produce turbulent flow and therefore may 
cause damage to blood cells traversing them. The an- 
atomic indicator for this turbulent flow is prolifera- 
tion of fibrous tissue in the immediate vicinity of the 
implanted prosthesis.^!!6 In the case of the mitral 
alve prosthesis, the adjacent left ventricular endo- 


ickens, and occasionally this thickening extends 
the proximal portions of the right and left coro- 
n ; 


SYSTOLE DIASTOLE 


SYSTOLE SYSTOLE. 
FIGURE 17. Diagrammatic representation of the aortic valve 


a disc or ball poppet prosthesis (lower panels). The 

during systole across the normal aortic valve is laminar, 

onary arteries fill mainly by retrograde flow during dias! 
valve replacement, the flow of blood across the aortic 

no longer laminar. The force of left ventricular ejectio 
centrally, as in the normal heart, but the poppet prevent 
flow, producing severe turbulence in the area. Thus, during ver 
lar systole blood between the surface of the poppet ; 

of the aortic root is flowing in a turbulent fashion. The ana 
cator of turbulent flow under high pressure is intimal 

which was observed in the proximal aorta of each subject 

in the late postoperative period after aortic valve repk 
Since the coronary ostia are no longer "guarded," so to: 

the aortic cusps during ventricular systole and, since they : 
area of turbulent flow, they also are subject to intimal prolife tion 


mitral or aortic valve replacement. Generally, p 
tients with the longest survival times had the gi 
degrees of thickening. i 
When flow through a prosthetic cardiac val 
turbulent, intravascular hemolysis is the cc 


quence. 120-127 The anatomic indicator of intrav 


lar hemolysis is renal hemosiderosis.!?93?9? The la 
also called “blue kidney,"!?? was observed: 

the 16 patients who died late with disc valve 
most severe intravascular hemolysis occurred 
aortic valve replacement and the least, if any, af 
tricuspid valve replacement. Renal hem side 
was observed in all patients who died late afte 
tic, in seven of eight after mitral but in none o 
after tricuspid valve replacement. The amo 
iron deposited in the kidneys, however, was far g 
er after aortic than after mitral valve replace 
general, the amount of fibrous tissue prolif 

the submitral area after mitral valve replacement 
in the aortic root after aortic valve replacemei 
related well with the amount of iron deposited 
cytoplasm of the proximal tubules of the 

The greater the fibrous tissue proliferation, 

ing turbulence, the greater the amount of 


.Osiderosis, also a consequence of turbul n 
mechanism by which i iron is degosied.i int 
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ho Is a Cardiologist? 


"FORREST H. ADAMS, MD, FACC 


‘Los-Angeles, California 


In the October 1, 1974 issue of this Journal, the Advi- 
sory Committee of the American College of Cardiolo- 
gy on “Adult Cardiovascular Training and Manpower 
Requirements” presented its findings and recom- 
mendations.! They represented the results of a study 
conducted between July 1971 and November 1973 of 
all 10,690 physicians in the United States with a de- 
clared primary or secondary commitment to adult 
liology as well as the 329 cardiovascular training 
grams. The Advisory Committee is greatly indebt- 
to the many doctors and other persons who helped 
ke this study possible and a success. For the first 
me, we have data that furnish an estimate of pres- 
ent and future manpower needs for cardiologists as 
ell as a description and identification of cardiovas- 
cular training programs in the United States. 
Using the log-diary technique, we were able to ob- 
tain detailed information about cardiologists’ profes- 
‘sional activities, and from this have identified four 
types of cardiologists described in considerable detail 
‘in the report. Each of the four types—internist-car- 
diologist, clinical-cardiologist, cardiac-specialist and 
cademic-cardiologist—seems to have a special role 
| our present health care system. Nevertheless, the 
cardiologists surveyed in this study probably care for 
y a small proportion of all patients seeking care 
cardiovascular problems; primary care physicians 
see the majority of such patients. 
Setting aside for the moment the tremendous 
roblem of maldistribution of cardiologists, one must 
ask: Is the present laissez faire system of training of 
cardiologists, knowing the roles they eventually per- 
form, in the best interests of the consumer—the pa- 
- tient with a cardiovascular problem? Isn't the patient 
entitled to know the qualifications of the physician 
_ treating his cardiovascular problem? Under desirable 
: circumstances, who should see and care for the pa- 
tient with aortic stenosis, acute myocardial infarc- 
on, hypertensive encephalopathy or pulmonary em- 
ism? Who should read the electrocardiograms for 
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hospital X; who should be in charge of the co 
care unit of hospital Y; and who should per 
cardiac catheterizations and coronary arter 
hospital Z? What should be the training and 
cations of these doctors? 

In his presidential address of October: 197 
American College of Surgeons, Dr. W. P. L 
Jr? indicated that the practice of surge 
United States should, with certain speci 
tions, be limited to those “by reason of h 
and experience be certified by a surgical 
Specialty Board, approved by the American 
Medical Specialties—or, on the basis of tr. 
tained outside of the U.S., have satisfied the 
requirements for Fellowship i in the American 
of Surgeons." It is clear that Dr. Longmire 
that only qualified doctors should practice s 
Currently, the best and accepted method c 
mining specialty qualification is to requir tha 
individual train in an approved center and lat 
a nationally administered board examinatio 
not these standards also pertain to cardiolo; 

Our study has shown that only 55 perce 
physicians with a declared primary or secon 
terest in adult cardiology are certified i 
medicine and about 10 percent are certifie 
diovascular disease! Even among cardiac speciali: 
who are younger and the product of more fo 
training, require special skills or expertise and ar 
more apt to see patients in consultation—the percer 
certified in internal medicine and in cardiovascu 


ings in the best interests of the patient? How ¢ 
patient determine that the doctor treating hi 
vascular problem is qualified to do so? 

We now have some criteria by which car 
tients with cardiovascular disorders can be me: 
The specialty and subspecialty. boards ar 
point. The recent publications of the In 
Commission for Heart Disease Resource 
er. Still more specific guidelines have been 
as “Norms for Use in the Peer Review of S 
Hospital Cardiovascular Diagnosis” $- 
ment). These criteria for standards, comp 


 pertoninance should helpi us. in any genium i 





has been good. l E 

of 22) specialty boards of the A 

B er of Medical Specialties have formally _ 
le concept of voluntary periodic recertifi-- 
1inations; one member board, the Ameri- 


co inuing: oe copata. will almost. 'cer-: ne 
tainly be a part of the legislation. Professional mem- cg 
` bers of the cardiovascular community need to give se- 


rious thought to the various ramifications of, Who is. 


 acardiologist?" . 
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: VENTRICULAR PREMATURE CONTRACTIONS AND A-V 
: CONDUCTION— i 


dn a recent article, Haft et al.! reported that the more usual 
effect of ventricular premature contractions on atrioven- 
tricular (A-V) conduction of subsequent sinus beats is fa- 
cilitation rather than depression as is commonly believed. 
=> This observation appears to represent another contribution 
: of His bundle electrography, but we note certain problems 

in their argument. 

First, their Table I contains some discrepancies. Accord- 
ing to their definition R-R! is the interval between onset of 
the preceding sinus QRS complex and that of the extrasys- 
tole; R'-R is the interval between onset of the premature 
QRS complex and that of the following sinus beat; and 
PR'-P represents the interval between the two sinus P 
waves enclosing single or multiple extrasystoles. It then fol- 

- lows that, if the P-R intervals of the pre- and postextrasys- 
tolic sinus beats remain constant, R-R! + R!-R should 
s equal PR!-P, whereas the two former intervals must be 
"Shorter than the latter one when A-V conduction of the 
© postextrasystolic sinus beat is facilitated. When checked in 
_. this manner, however, these two values are identical in only 
_ three cases (Cases 12, 20 and 25), and differences greater 
>. than 20 msec are quite common. For instance, in Case 13 
_» the A-H interval was shortened by 10 msec after a prema- 
..ture systole. R-R! + R'-R should then be shorter than 
-UPR!-P by 10 msec, since the H-V interval remained con- 
stant. In the table, however, R-R! + R!-R = 700 + 1450 = 
2150, which is actually 50 msec longer than PR!-P (2100 
msec). Similar discrepancies are also seen in Cases 1, 9 and 
14, thus suggesting that these measurements are not accu- 
rate. The fact that P-P, R-R!, R!-R and PR!-P are all mea- 
sured to the nearest 10 msec, and even the A-H intervals 
before the ventricular extrasystoles are measured by 10 
msec increments in most cases, definitely indicates the dif- 
ficulty involved in measuring these intervals in the order of 
1 msec in His bundle electrograms. Hence, one wonders if 
the observed changes of several milliseconds are truly 
meaningful. 
Furthermore, Cases 19 and 20 are designated instances 
: cof interpolated premature contractions. PR!-P should then 
. be equal to P-P, which is not the case in their Table I. In 
fact, cases with retrograde P waves are not shown in the 
- table, and this point should be clarified. 
>c- {n the Results and Discussion sections the authors argue 
that PR!-P intervals equaling two sinus intervals is the 
proof that the retrograde P wave did not reset the sinus 
node. This is probably true in certain instances, but one 
other possibility cannot be ruled out; when the sinus node 
is discharged by an extrinsic impulse, the return cycle (or 
the interval from the ectopic P to the following sinus P 
wave) tends to be longer than the regular sinus interval. 
Slowing of impulse formation associated with a shift of 
pacemaker within the sinus node has been suggested as a 
possible mechanism? although it may partly arise from the 
atriosinus and sinoatrial conduction times involved. When 
this prolongation of the return cycle over the sinus cycle is 
. quantitatively similar to the degree of prematurity of the 
ectopic P wave, P-P! + P!-P (or PR!-P in their paper) 
-would equal twice the P-P interval, even though the sinus 
pacemaker has been reset. 
Finally, when the A-H interval was slightly shortened in 
the conducted sinus beat after a ventricular premature sys- 
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tole, the authors argue that concealed retrograde condu 
tion into the A-V node facilitated A-V conduction of subs 
quent sinus beats. In most of these instances, however, the 
sinus impulse immediately after the extrasystole is blocked 
as a result of depressing effect of concealed conduction; As 
the authors pointed out, shortening of the A-H interval in 
the next sinus beat probably resulted from a minimal di 
gree of penetration of the blocked sinus impulse into th 
A-V node and, hence, is a secondary effect on the secon 
postextrasystolic impulse. It is important to make this di: 
tinction clearly rather than use a vague term such as subse 
quent sinus beats. 


Yoshio Watanabe, MD, FACC 
Fujita Gakuen University « 
School of Medicine : 
Toyoake, Aichi 
Japan 
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VENTRICULAR PREMATURE CONTRACTIONS AND AS 
CONDUCTION —Ii 


Haft et al! suggest that "retrograde sinoatrial block 
shown in their Figure 2. Their interpretation is based « 
two impressions: (1) the PP!-P interval is twice the sin 
interval and (2) the P!-P interval is longer than the normal 
sinus interval. 
These two impressions are in fact errors. The first error 
is one of observation; the PP!.P in Figure 2 is less than 
twice the sinus interval. The second error is a misinterpre- 
tation of the events in the sinoatrial (S-A) node and atrium 
after a premature depolarization. The P!-P interval is com- 
posed of the sum of retrograde conduction time of the pre- 
mature beat to the S-A node + S-A nodal cycle + ante- 
grade conduction. time of the postextrasystolic ‘sinus 
beat.?? Therefore, the P!-P interval is usually longer th 
the ordinary sinus cycles,?? with a few exceptions; there is. 
therefore absolutely no suggestion from prolongation of the 
P'-P interval that block between the sinus node and the 
atrium has occurred. 
Clearly the most reasonable explanation for Figure 2 is 
that premature depolarization of the S-A node has taken 
place, with or without some degree of depression of the S-A 
node by the extrasystole. ?4 As mentioned, the long P!-P in- 
terval is the sum of conduction times + S-A nodal cycle 
(which can not be measured in the human heart). This is 
confirmed by the fact that the duration of the PP!-P inter- 
val is less than twice that of the S-A cycle. : 
H, 0. Klein, MD 
Meir General Hospita 
Kfar-Saba; raol, E, 
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OOK REVIEWS 


_ CARDIAC MECHANICS: PHYSIOLOGICAL, CLINICAL, 
"MATHEMATICAL CONSIDERATIONS, edited by israel Mir- 
‘sky, Dhanjoo N. Ghista, Harold Sandler. New York, John 
Wiley, 1974, 490 pages, $24.00 


_. 'Phis'490 page monograph, part of a series on biomedical 
* engineering and health systems, is a multidisciplinary re- 
s view of myocardial function and failure. Part I provides a 
* discussion of basic concepts, including ultrastructure, bio- 
` medical aspects of muscle contraction and myocardial en- 
- ergetics. Part II concerns assessment of cardiac function in 
';celinical situations. Part III discusses mathematical models. 
Written largely by basic scientists, the book contains lit- 
. tle material relevant to clinical situations. Three chapters 
* that best qualify as clinically oriented are the chapters on 
i clinical applications of angiocardiography (Dodge and 
. Sandler), echocardiography (Feigenbaum) and systolic 
|. time intervals (Harris). 

The list of contributors is impressive; most are well 
| known investigators in this field. The individual chapters 
are well organized and presented, seem balanced and are 
adequately illustrated. A bibliography at the end of each 
'. chapter adds to the value of the presentation. 

(Phe objectives of the series, and of this monograph in 
particular, indicate that this volume is not aimed at the 
clinical cardiologist. It is probably too detailed to serve as 
‘supplementary reading for those who like to be “caught 
“up” with recent advances in the basic sciences, but is di- 
ected to the laboratory investigator and the serious stu- 
ent of myocardial mechanics. For them, it fulfills its ob- 
jective, presenting a balanced, up-to-date “overview” of the 
‘subject. 















Arthur Selzer, MD, FACC 
San Francisco, California 





ROLE OF CATECHOLAMINES IN CARDIOVASCULAR DIS- 
| EASES. I. HYPERTENSION, by Budh Dev Bhagat. Spring- 
field, Ui, Charles C Thomas, 1974, 196 pages, $17.50 
"This book, written by a distinguished worker in catechol- 
„amine pharmacology, attempts to cover the fields of auto- 
“nomic physiology, cardiac physiology and hypertension in 
“196 pages, including multiple charts and tables. Unfortu- 
“nately, with such a short text, the author can give each area 
only superficial treatment. 
co” The book is divided into three sections: the first is con- 
cerned with catecholamines, their distribution, function, 
“metabolism and biosynthesis. This section, the most lucid- 
ly written and informative one in the book, is a short but 
concise review that would be helpful to the student or 
t, worker just beginning to delve into the study of the auto- 
«nomic nervous system, or to the practicing physician inter- 
"ested in drugs that act upon the sympathetic nervous sys- 
“tem. The second section discusses cardiovascular physiolo- 
“ogy, reflex control of blood pressure, the renin-angiotension 
tosystem, the effect of prestaglandins on control of blood 
pressure, and the classification and functional significance 
< of different adrenergic receptors—all in just 82 pages. Dr. 
-Bhagat's treatment of each of these areas is superficial, 
. containing many oversimplifications. Thus on page 45 he 
explains the control of organ perfusion by a tissue's meta- 
_ bolic state as follows: “In the resting state of the body all 
v the blood is not in active circulation. Some of it is with- 
"odrawn and temporarily stored until there is a demand for 
oat? The third section discusses probable causes of hyper- 


tension and methods of diagnosis and treatment. Dr. Bha- 
gat cites evidence in favor of involvement of the sympa- 
thetic nervous system in the genesis or perpetuation of es- 
sential hypertension; for example, plasma catecholamines 
may be increased in patierts with essential hypertension, 
urinary catecholamines may be increased in hypertension 
and H?-norepinephrine decreases more rapidly after intra- 
venous infusion in hypertensive than in normal subjects. 
He concludes, therefore, that the sympathetic nervous sys- 
tem either plays a “primary role in the pathogenesis of cer- 
tain forms of hypertensiom or ... contributes to certain 
stages of the hypertensive disease." However, he neglects 
other evidence, such as the facts that plasma and urinary 
catecholamines are increased in patients with heart failure 
or mental depression without the development of hyper- 
tension; that drugs that inhibit catecholamine synthesis by 
as much as 80 percent may not alter the blood pressure of 
patients with essential hypertension although they are ef- 
fective in patients with pheochromocytoma; and that most 
studies have not shown elevated urinary catecholamines in 
patients with essential hypertension. 

In summary, although this volume is aimed at the cardi- 
ologist, physiologist, internist and nurse, the superficial 
trestment given to the subject matter limits its value. 

Robert H. Goldman, MD 
Stanford, California 


TYPE A BEHAVIOR AND YOUR HEART, by Meyer Fried- 
man, MD and Ray H. Rosenman, MD. New York, Alfred A. 
Knopf, 1974, 266 pages, $7.95 


In this book, the authors state and support their convic- 
tions that a well defined behavior pattern, characterized by 
an insistent, impulsive aggressiveness identified as “Type 
A,” is common in individuals with coronary heart disease, 
and is an essential reason for their physical plight. To the 
authors’ distinct credit, they present this complex, contro- 
versial subject to the lay reader with remarkable clarity 
and hardly a hint of evangelism. 

The early chapters are carefully put together and intro- 
duce the reader to the intricacies of heart disease by first 
describing the normal structure and function of the cardio- 
vascular system. Subsequent chapters define coronary 
heart disease and outline the factors believed to increase 
the likelihood of its occurrence. Included among the risk 
factors are hypertension, diabetes mellitus, congenital hy- 
perlipidemia, hypothyroidism, cigarette smoking, physical 
indolence, obesity and heredity. However, none is accorded 
the position of importance granted to the “Type A" behav- 
ior pattern. 

Although the authors do not claim to be psychologists, it 
is clear that they are exceptionally talented in observing, 
recognizing and describing the hallmarks of “Type A" be- 
havior. Without denying that they can only speeulate as to 
how the behavior pattern initiates, or augments, atherogen- 
esis, there is still exceptional merit to their suggestions con- 
cerning the alteration of this pattern to a more benign life- 
Style. The book argues impressively against stress and 
suggests eloquently how it may be avoided by restructuring 
a framework of reference. Whatever the final definition of 
the cause of coronary heart disease, the theme embodied in 
this text will not be lost. 

William Likoff, MD, FACC 
Philadelphia, Pennsylvania 
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The American College of Cardiology is dedicated to educa- 
tion. Because of this commitment on the part of our member- 
ship, the College enjoys the position of leadership in post- 
graduate cardiovascular education. This unique achievement 
is also in large measure due to the dedication of George C. 
Griffith and William Likoff, who as chairmen, guided the Con- 
tinuing Education Program Committee from its inception. 

As members of the College we acknowledge our respect 
for learning and reaffirm our belief in education by selecting 
each year an individual who symbolizes all that is good in edu- 
«= Cation and by presenting him with the coveted Gifted Teacher 
. Award. 
= .As President of the College, | wish to reaffirm this commit- 
ment to education and can think of no more fitting and effec- 
tive way to express my thoughts than to repeat on this page, 
the remarks ! prepared for the introduction of our choice for 
the Gifted Teacher Award for the Year 1975: 


"It is with great personal pleasure that | present Drs. Rich- 
ard Langendorf and Alfred Pick to this assembly. They are 
your choice for the 1975 Gifted Teacher Award. 

"Much can be said about their contribution to cardiology 
and to our own personal, individual fund of knowledge. How- 
ever, the constraints imposed by time permit but a brief state- 
ment of their accomplishments. 

“After World War Il, and fortunately for American cardiolo- 

gy, Drs. Pick and Langendorf joined Dr. Louis N. Katz at the 

Michael Reese Cardiovascular Research Institute. 

-« "From Prague, home of Purkinje, Hering, Kahn and Rihl, to 

name but a few, they brought with them a lifelong interest in 

“-@lectrocardiography of arrhythmias. It was Dr. Max Winter- 
nitz, their teacher and friend, who first introduced them to 
complex arrhythmias and to a pair of calipers. In fact, ac- 
cording to Dr. Langendorf, and | quote, ‘Fred is in possession 
of the original calipers of Max Winternitz, which he keeps lov- 
ingly displayed on his desk.’ 

“It can be said without reservation that every serious stu- 
dent of electrophysiology and electrocardiography of arrhyth- 
mias who appeared on the American scene in the last 30 
years was directly or indirectly influenced by Drs. Pick and 











The College and the Gifted Teacher 
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Langendorf. They and their friend, Dr. Louis N. Katz, wh 
influence on their professional life they equate with that of Di 
Winternitz, published papers covering such "strange" topics 
as the rule of bigeminy, concealment, exit block, aberrancy, 
fusion and capture, to name but a few. Their tools were.a 
are a simple electrocardiogram, a pair of calipers, intellectual. 
curiosity, decication and perseverance. it took 30 years and 
the development of microelectrophysiology and His bundle 
electrocardiography to convince many of us that thes 
strange concepts arrived at by elegant and brilliant deductive 
reasoning, are indeed real, and also important in the manage- 
ment of the patient. i 
"As teachers, they are in a class by themselves. Those of 
us who had the unique opportunity and pleasure to attend 
their annual seminar were absolutely taken by their ability to. 
guide a novice through the most complex arrhythmias, using : 
a programmed approach, long before programmed instruc- 
tion became a household word. Furthermore, because they 
are masters of the subject, they made it possible for their stu- 
dents to understand the most un-understandable and complex 
concepts. They are truly Gifted Teachers and our generatioi 
of cardiologists owes Drs. Langendorf and Pick a debt of grat- 
itude." 
Charles Fisch, MD; FACC 
President 
American College of Cardiology 







The. National Committee for. Continuing 
‘Medical Education, Borys Surawicz, MD, 
“FACC, Chairman, announces the following 
“calendar of programs. 





Each program is designed to enlarge 
5 knowledge and clarify the enclessly chang- 
t ing frontiers which mark scientific achieve- 
“ments in the recognition and treatment of 
cardiovascular disease. Although the discip- 
lined objective of each program as well as 














its content, format and faculty are primarily 
determined by the Program Director, the Na- 
tional Committee for Continuing Medical Ed- 
ucation always exercises the prerogative of 
final review. and approval, whether the pro- 
gram is sponsored solely by the College or 
in collaboration with universities, colleges, 
hospitals and various other professional so- 
cieties. 

Subject matter reflects national interest 
and needs in the fields of patient care, re- 





Calendar of Continuing Medical Education Programs 


search and teaching. The program struc- 
tures vary in method of education. 

The National Committee for Continuing 
Medical Education in the College earnestly 
solicits the interest of member and. non- 
member physicians alike in continuing edu- 
cation for the clear reason that participation 
provides a unique opportunity to deepen 
one's understanding of heart disease, the 
most fermidable and challenging health 
problem of our time. 


-u Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014. 





Current Concepts in Cardiology— 
1975. Philip R. Akre, director and 
Masato Takahashi, FACC and 
John A. Bowers, co-directors, 
Caesars Palace, Las Vegas, Nev. 


Core Curriculum: Clinical Vector- 
cardiography 1975. Irwin Hoff- 
man, FACC and Robert |. Hamby, 
FACC, . directors. ^ Arnericana 
Hotel, New York, N.Y. 


Cardiology for the Internist. J. 
Willis Hurst, FACC and Robert C. 
Schlant, FACC, directors. Royal 
Coach Motor Hotel, Atlanta, Ga. 





MAY 
46-18 


Core Curriculum: Myocardial 
Biology in. Health and Disease— 
1975. Arnold Schwartz, FACC 
and Mark L. Entman, directors. 
Holiday inn-Medical Center, Hous- 
ton, Tex. 


MAY Ischemic Heart Disease: A Criti- 

29-31 cal Overview. Arthur Selzer, 

v FACC and Keith E. Cohn, FACC, 
directors. Golden Gateway Holiday 
Inn, San Francisco, Calif. 


«JUNE Core Curriculum in Echocardio- 

AAT graphy: New Developments. in 

: Cardiac Ultrasound. Arthur D. 
Hagan, director and Robert A. 
O'Rourke, FACC, - co-director. 
Town «and. Country . Hotel, San 
- Diego, Calif. — 


JUNE Progress in Coronary Artery and 

5-7 Valvular Heart Disease. S. H. Ra- 
himtoola, FACC, director, Benson 
Hotel, Portland, Ore. 


AUG. 
23-25 


Tutorials in the Tetons (Cardiac 
Emergencies). Robert S. Eliot, 
FACC, director and Robert J. 
Davis, FACC, Alan D. Forker, 
FACC, Vincent F. Miscia, FACC 
and Gerald L. Wolf, co-directors. 
Grand Teton National Park, 
Moran, Wyo. 


To be Preceptorships in Cardiology. Ar- 
arranged thur Selzer, FACC, director. Pacif- 
individually ic Medical Center, San Francisco, 


Calif. 

SEPT. Stress Electrocardiography. 

8-9 Borys Surawicz, FACC, and Paul 
L. McHenry, FACC. directors. Uni- 
versity of Kentucky Medical Cen- 
ter, Lexington, Ky. 

SEPT. Core. Curriculum: Mechanisms 

22-26 . and Therapy of Cardiac Arrhyth- 
mias. Leonard S. Dreifus, FACC, 
director. Marriott Motor Hotel, 
Philadelphia, Pa. 

SEPT. | Advanced Echocardiography. 

30 to Harvey Feigenbaum, FACC, direc- 

OCT. tor. Indiana University: School. of 

2 Medicine, indianapolis, Ind. 
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OCT. 
6-15 


Cardiology for the Consultant: A 
Clinician's Retreat. E. Grey Di- 
mond, FACO, director. Crown 
Center Hotel, Kansas City, Mo. 


OCT. Louis N. Katz Symposium—Prog- 

8-9 ress Report on the Management 
of Myocardial Infarction. Leonard 
S.  Dreifus, FACC, Sylvan 
Weinberg, FACC, Herman Heller- 
stein, FACC and Herman Uhley, 
FACC, directors, Dayton, Ohio. 


OCT. 
9-11 


New Techniques and Concepts in 
Cardiology: 1. Pharmacologic and 
Operative Treatment of Coronary 
Artery Disease. 1l. Clinical Uses 
of Echocardiography. Stephen E. 
Epstein, FACC, director. Washing- 
ton Hilton Hotel, Washington, D.C. 


OCT. 
14-16 


Problems in Acute Myocardial In- 
farction. William J. Grace, FACC, 
director and Richard J. Kennedy, 
FACC and James T. Mazzara, 
FACC, co-directors. St. Vincent's 
Hospital and Medical Center of 
New York, New York, N. Y. 
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LARAGH’S HYPERTENSION MANUAL 


Edited by John Laragh,M.D.—A classic treatise 
for understanding, diagnosing and treating 
Hypertension. Published in February, 1974, 

it's already a standard reference work. 
—970 pages, 150 illustrations— 


PARTIAL LIST OF CONTRIBUTORS 


John H. Laragh J.N. Cohn K. Engelman 
Sir George Pickering V. DeQuattro J.E. Sealey 
E.A. Lew J. Giese C.R. Ayers 
E.D. Freis A.R. Christlieb J.A. Wilber 
H.R. Brunner A.F. Lever J. Koch-Weser 
A.C. Guyton J.C. Hunt P. Kincaid-Smith 
L. Tobian, Jr. F.R. Buhler F.A. Finnerty 
H.P. Dustan E.G. Biglieri E.D. Vaughan 
D.R. LaBarthe 
[YORKE MEDICAL BOOKS acs | 


1666 Fifth Avenue, New York, New York 10019 | 


| Sen me, postage paid, — 1 copies of Laragh's Hyper- | 
tension Manual: Mechanisms, Methods and Management. | 
| Price: $37.00* each. (Foreign, add $2.00 for postage and | 
I handling.) | 


E C3 Full payment enclosed. (2 Please bill me. © Intern, Resident, Student | 


| (Special Price $35.00) | 
Specialty. «te a a ae ee ee ee Le. 

NAME. 8 ne ot ee CORE Ba Nene Rt ERE TERM | 
one ADDRESS. e.t 0 Ss a ee e e edere Re =~ | 
pu cR STATE us m) EDEN | 
» Pius appropriate Sales Tax if in New York State l 
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New from USV for your hypertensive patients 


The 





Compliance PAK 
To help combat 
Hypo-compliance 


THE FIRST AND ONLY 28-DAY 
ANTIHYPERTENSIVE PAK 
4 











Hypertension/ Hygroton (chiorthalidone) 
"KHybo-compliance is the failure or inability of your hypertensive patients to follow your prescrib 


ed thera 


BRIEF SUMMARY 

Indications: Hypertension, adjunctive therapy in 
edema. Contraindications: Anuria, hypersensi- 
tivity to chlorthalidone; routine use of diuretics in 
an otherwise healthy pregnant woman with or 
without mild edema is contraindicated and possi- 
bly hazardous. Warnings: Should be used with 
caution in severe renal disease, impaired hepatic 


d function or progressive liver disease. May be 
O nce-a- ay additive or potentiative of the action of other 


antihypertensive drugs. Sensitivity reactions may 
occur in patients with a history of allergy or bron- 
chial asthma. Usage in women of childbearing 
age requires that the potential benefits of the drug 
fetus. These hazards include fetal or neonatal 
jaundice, thrombocytopenia, and possibly other 
adverse reactions which have occurred in the 
adult. In nursing mothers, thiazides cross the 
placental barrier and appear in cord blood and 
breast milk. Precautions: Periodic determination 
| [) of serum electrolytes to detect possible electro- 
lyte imbalance should be performed at appropri- 
ate intervals. All patients receiving chlorthalidone 
should be observed for clinical signs of fluid or 
electrolyte imbalance; namely, hyponatremia, 
hypochloremic alkalosis, and hypokalemia. 
Serum and urine electrolyte determinations are 
particularly important when the patient is vomiting 
excessively or receiving parenteral fluids. Medi- 
C] cation such as digitalis may also influence serum 
electrolytes. Hypokalemia may develop with 
chlorthalidone as with any other potent diuretic, 
Sis is present, or during concomitant use of cor- 
* a ticosteroids or ACTH. Interference with adequate 
The on ly anti hypertens ive PAK oral electrolyte intake will also contribute to hypo- 


especially with brisk diuresis, when severe cirrho- 







be weighed against its possible hazards to the 
kalemia. Digitalis therapy may exaggerate meta- 


“In our experience, chlorthalidone Mec meer da amnium ov ayer A 
: T : reference to myocardial activity. Any chloride def- 
[Hygroton] IS the only truly long acting icit is generally mild and usually does not require 
diuretic, permitting once-a-day specific treatment except under extraordinary cir- 
administration.” cumstances (as in liver disease or renal disease). 


Dilutional hyponatremia may occur in edematous 
patients in hot weather. Hyperuricemia may 
occur or gout precipitated in certain patients 


Cal e nd ar form at a ncou rag es Insulin requirements in diabetic patients may be 


increased, decreased, or unchanged and latent 


com pl iance diabetes mellitus may become manifest. Chlor- 


à thalidone and related drugs may increase the 
New, convenient 28-day Hygroton PAK responsiveness to tubocurarine. The antihyper- 


is easy for your hypertensive tensive effects of the drug may be enhanced in 


: the postsympathectomy patient. Chlorthalidone 
patients to read and follow. andrelated drugs may decrease arterial respon- 


Siveness to norepinephrine. If progressive renal 
impairment becomes evident, as indicated by a 
rising nonprotein nitrogen or blood urea nitrogen, 


ful isal of th i ith 
Costs no more consideration given to withholding or discontin- 


Convenient easy-to-use 28-day uing diuretic therapy. Chlorthalidone and related 

: drugs may decrease serum PBI levels without 
Hyg roton PAK costs no more than a signs of thyroid disturbance. Adverse Reac- 
regular monthly supply of Hygroton tions: Anorexia, gastric irritation, nausea, vomit- 
tablets.? ing, cramping, diarrhea, constipation, jaundice 

: (intrahepatic cholestatic jaundice), pancreatitis; 
, : NM S dizziness, vertigo, paresthesias, headache, 

1. Finnerty, F. A., Jr.: Am. Fam. Physician 7:99, 1973. xanthopsia; leukopenia, agranulocytosis, throm- 
2. Based on American Druggist Blue Book (1974) prices. bocytopenia, aplastic anemia; purpura, pho- 


tosensitivity, rash, urticaria, necrotizing angiitis 
(vasculitis) (cutaneous vasculitis), Lyell's syn- 
ALSO AVAILABLE: drome (toxic epidermal necrolysis). Orthostatic 


hypotension may occur and may be aggravated 
by alcohol, barbiturates or narcotics. Other 
mg. adverse reactions include hyperglycemia, glycc- 


suria, hyperuricemia, muscle spasm, weakness, 
(ch lo rth ali | don e) restlessness, impotence. Whenever adverse 
reactions are moderate or severe, chlorthalidone 
dosage should be reduced or therapy withdrawn. 
Usual Dose: One tablet daily. How Supplied: 
Tablets— 100 mg. (white, scored) and 50 mg. 
(aqua) in bottles of 100 and 1000; single-dose 
USV PHARMACEUTICAL MFG. CORP blister packs, boxes of 500; PAKS of 28 tablets, 
PHARMACEUTICALS Manati, P.R. 00701 boxes of 6. 
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AUN fetronitt t 
relief of angina pectoris (pain.associated 
withteronary artery disease). Ht is not 


í : intended. to abort the acute anginal 
U LA ] IVE episede but it is widely regarded as use- 
ful ithe prophylactic treatment of ongina 


pectoris. 

Final classificationof the less-than- 
effective indications requires further 
investigation. 
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Contraindications: Peritrate SA Sustained 





Ceveiop. 


Covers all material published in THE AMERICAN Action Gpeniaerythritol tetranitrote] 90 mà is 
contraindicated in patients who have a history 
JOURNAL OF CARDIOLOGY from January 1968 of sensitivity to the dre 
through December 1972. Warning: Data supporting the use of Peritrate 
(pentaerythritol tetranitrate) during the 
early days of the acute phase of myocardial 
e CLINICAL STUDIES infarction (the period during which clinical 
e EXPERIMENTAL STUDIES and laboratory findings are unstable) are 
SYMPOSIA i ient to establish safety. 
, This drug.can act asa physiological 
e REPORTS ON THERAPY antagonist to nore inephrine, acetylcholine, 
REVIEWS histamine, and many other agents. 
. Precautions: Should be used with caution in 
patients who have glaucoma. Tolerance to 
* SEMINARS this drug. and cross-tolerance to other nitrites 
« CASE REPORTS and nitrates may occur. 
Adverse Reactions: Side effects reported to 
* DIAGNOSTIC SHELF date have been predominantly related to rash 
e HISTORICAL MILESTONES (which requires discontinuation of medication) 
: ; ; and headache and gastrointestinal distress, 
Includes Author Index—and — Subject Index which.are usually mild and transient wit 
All subjects are cross indexed for quick and easy reference tinuation of medication. Insome cases se 
* > * T- 2: may CUT. 
*There is a limited supply of the 10 Year Cumulative Index ricus aie tolling cues raid 
: available-—January 1958 through December 1967 — Price to nitrates such os pentaerythritol tetranitrate 
$10.00. While supply lasts order both for only $15.00. seen reported in the literat 
P ( taneous vasodilatation wi 
( Transient episode 
Please use order form below. dihass. ds wel 
Tp i i an i a a e ass Ee cerebral ischemia as 
Pe ne Seg peak pir my mo ete VEM tae: ME jostural hypotens 
THE AMERICAN JOURNAL OF CARDIOLOGY oen T 


P.O. Box 1172, Radio City Station, New York, N.Y. 10019 
sensitivity to the hypotensive 

Send me THE AMERICAN JOURNAL OF CARDIOLOGY ee ee ne 
Cumulative Index or Indexes as chacked below. 


Enclosed is my check for $8 for ; 
5 YEAR CUMULATIVE INDEX 1968-1972 G te SA Sustoitied Action 


. itol tetranitrate) BO mg (b. 
L3 Enclosed is my check for $10 for y stomach), | tablet immediately on 


10 YEAR CUMULATIVE INDEX 1958-1967 arising and Ptablet 12 hours later Tablets 
A should not be chewed. 
O Enclosed is my check for $15 for both Supplied: Peritrate SA Sust 


the 5 and 10 YEAR CUMULATIVE INDEXES (pentaerythritol tetranitra 0 mg, double 
layer, biconvex, dark green Aight green tablets 
in bottles. of O(N eds 0004-51) and 1000 
(N 0047-0002-60). Also in vnit dose — package 
of 10 x 10 strips {N 0047-0004-11). 
: Additional Dosage Forms: Peritrate 20. mg— 
"Addréss E LLL light green, scored tablets in bottles of 100 
ane i {N 0047-000651) and 1000 (N 0047-0001-60). 
Also in unit dose ~~ package of 10 x 10 strips 
i i (N 0047-000111). Peritrate 10 mg —light green, 
ur EUM OMNE MEN fees SM id OE uocis unscored tablets in bottles of 100 (N 0047. 
‘Please add appropriate sales tax if in New York State 0007.51) and 1900 {N 0047-000740}. 
Soe eee cdidit et ae ce wi: ss iy mee em mee ME, Full informetion is available on request. 


























For over 22 years, Peritrate" has been 
considered by many physicians as one 
of :he top defensive measures for 
patients with angina pectoris. In many 
patients Peritrate used prophylactically 
he'ps decrease the frequency and sever- 
ity of angina attacks" With minimal 

sice effects. 

Peritrate can also help reduce nitro- 
glvcerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 

LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 







Warner/ Chilcott 


Div. Wornertambert Company 
Morris Ploins; NJ. 07950 
peapa 


























The:Great Wall of China, an immense 
» 1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 

helped defend China from the attack of 
Mongol hordes for more than 2,000 years. 








effective for this indication. 
See brief summary, 
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: adjunt to furosemide 
in cardiac edema. 


‘Now in 50 mg. and 100 mg. capsules. 


Before prescribing, see complete prescribing information in 
SKAF literature or PDR. The following is a brief summary 
Indications: Edema associated with congestive heart 
failure, cirrhosis and nephrotic syndrome; steroid- 
induced edema, idiopathic edema, edema due to 
secondary hyperaldosteronism and edema resistant to 
other diuretic therapy. 

ontraindications: Severe or progressive kidney disease 
t dysfunction (possible exception: nephrosis). Severe 
epatic disease. Pre-existing elevated serum potassium. 
lypersensitivity to the drug. Continued use in developing 
hyperkalemia. Do not give potassium supplements, either 
by drug or by diet. 

larnings: Observe regularly for possible blood dys- 
crasias, liver damage or other idiosyncratic reactions. Blood 
dyscrasias have been reported. Check BUN and serum 
potassium periodically, especially in the elderly, diabetics, 
and those with suspected or confirmed renal insufficiency 
Use in pregnancy only when essential to patient welfare 


_Dyrenium (triamterene, $ &F) and spironolactone are not 
, usually used concurrently; if they are, however, frequent 
serum potassium determinations are required. 


Precautions: lf hyperkalemia develops, withdraw the drug 
The following may also occur: electrolyte imbalance, low-salt 
syndrome (with low salt intake), reversible mild nitrogen 
retention, decreasing alkali reserve with possible metabolic 
acidosis. Do periodic hematologic studies in cirrhotics with 
splenomegaly. Concomitant use with antihypertensive 
drugs may result in an additive hypotensive effect. When 
"Dyrenium' is to be discontinued after intensive or prolonged 
therapy; withdraw gradually because of possible rebound 
kaliuresis. 
i: Adverse Reactions: Diarrhea, nausea and vomiting (may 
. --indi&ate electrolyte imbalance), other gastrointestinal dis- 
. sturbances, weakness, headache, dry mouth, anaphylaxis, 
on photosensitivity, elevated uric acid, rash. 
“Note: When combined with another diuretic, the initial 
dosage of each agent should be lower than recommended. 
Supplied: 50 mg. capsules, in bottles of 100; 100 mg. 
.. Capsules in bottles of 100, in Single Unit Packages of 
^: 100 (intended for institutional use only). 















SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKhne Corporation 
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A special offer for new subscribers 
to the world renowned “Green Journal" 


THE AMERICAN JOURNAL OF MEDICINE — 


14 issues for the price of a regular one 
year (12 issues) subscription 


Editor-in- Chief 

Arthur J. Antenucci, M.D. 
Editor 

William J. Grace, M.D. 


Recognition of the esteem the "Green Jour- 
nal" has achieved in the physician's continu- 
ing education is attested to by its circulation 
of 28,000, by far the largest of any independ- 
ent, internal medicine journal. 


Take advantage of this special introductory 
offer now. Use order form below. 


THE AMERICAN JOURNAL OF MEDICINE 
666 Fifth Avenue, New York, N.Y. 10019 


Enter my subscription to THE AMERICAN JOURNAL 
OF MEDICINE for 14 issues effective with the cur- 
rent issue—but | pay only $20.00, the one year 
(12 issues) rate. 

(Canada, $21.00; Foreign, $28.00) 


O Payment enclosed O Bill me 


Name 


M M M M—————— M——— M € 


Address 


City State Zip Code 


My Specialty is: 





A Yorke Medica! Journal—Dun.Donnetley Publishing Corp. 
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1" Inderal . 
(propanolol hydrochloride) B 








PUBLISHED TO CORRECT 
E A PROMOTIONAL CAMPAIGN 
z WHICH THE 
FOOD AND DRUG ADMINISTRATION 
| CONSIDERS MISLEADING 





















| INDERAL is a powerful drug with serious potential 
| side effects. Its use in the treatment of angina should be reserved 





for those patients who have been unresponsive to all forms of 
conventional therapy including nitroglycerin and then only after 
the physician has weighed carefully its contraindications, 
warnings, precautions and possible adverse reactions as they 
apply to the individual patient. 














Inderal’ 


(propranolol hydrochloride) 
Tablets, 10 and 40 mg. 





IN THE OPINION OF F.D.A., THE INDERAL PROMOTIONAL - 
CAMPAIGN MINIMIZED THE FOLLOWING 
IMPORTANT ASPECTS OF INDERAL THERAPY. 


ABRUPT DISCONTINUATION MAY PRECIPITATE MYOCARDIAL INFARCTION 


The INDERAL promotion only noted: "If treatment is to be discontinued, itis 
recommended that withdrawal be gradual over a period of several weeks. 
(See PRECAUTIONS.)' 
Myocardial infarction, and death, have followed abrupt discontinuation of INDERAL therapy. 
Patients selected for INDERAL must be warned against abrupt discontinuation of therapy. 


INDERAL MAY LEAD TO CONGESTIVE FAILURE 


The INDERAL promotion merely noted: "Special caution should be 
observed in patients with hear: block or a history of congestive failure. 
(See CONTRAINDICATIONS and WARNINGS. )" 


Existing congestive heart failure (other than secondary to a 
tachyarrhythmia treatable with INDERAL) is an absolute contraindication to the 
use of INDERAL. Furthermore, INDERAL may lead to 
congestive heart failure in patients with a history of failure and, 
in rare instances, even in those with no history of congestive failure. 


INDERAL MAY REDUCE THE INOTROPIC EFFECT OF DIGITALIS 


A previous advertisement stated: "INDERAL will not interfere with the cardiac action of...digitalis.” 
: The FDA points out that the inotropic action of digitalis may be reduced 
by INDERAL s opposite inotropic effect. (See WARNINGS:) 


STOP INDERAL GRADUALLY UNLESS YOU SEE A BENEFICIAL EFFECT 


An earlier advertisement suggested INDERAL should not be continued unless 
there is reduced pain or increased work capacity. The FDA feels this 
aspect of INDERAL therapy requires greater emphasis. 

When INDERAL is discontinued, it should be done gradually to avoid 
the possibility of precipitating myocardial infarction. 


THIS PROMOTIONAL CAMPAIGN HAS BEEN 
DISCONTINUED BY DIRECTION 
OF THE FOOD AND DRUG ADMINISTRATION. 


See following page 
—— — for prescribing information. 


| yerst | AYERST LABORATORIES 
A | NEW YORK, N.Y. 10017 


me (For fullorescribing information, see package circulara 


Inderal’ 


Brand of propranolol hydrochloride 





: A beta-adrenergic blocking agent 





BEFORE USING INDERAL (PROPRANOLOL HYDROCHLOR- 
IDE), THE PHYSICIAN SHOULD BE THOROUGHLY 
FAMILIAR WITH THE BASIC CONCEPT GF ADREN- 

7 ERGIC RECEPTORS (ALPHA AND BETA), AND THE | 
a PHARMACOLOGY OF THIS DRUG. 


| 
| 





zu ACTIONS: INDERAL is a beta-adrenergic receptor 
^ blocking drug, possessing no other autonorsic nervous 
System activity. It specifically competes wit? beta- 
is adrenergic receptor stimulating agerts for available 
<>. beta receptor sites, When access to beta receptor sites 
c is blocked by INDERAL, the chronotropic, inotrop:c, 
;. and vasodilator responses to beta-adrenergic 
“Stimulation are decreased proportionately. 
$^ Imdosages greater than required for beta blockade, 
:-"INDERAL also exerts a quinidine-like or anesthetic-like 
"Membrane action which affects the cardiac action 

; potential and depresses cardiac function. 

Propranolol is almost completely absorbed from the 
gastrointestinal tract, but a portion is immediately 
bound by the liver. Peak effect occurs in one to one and 
one-half hours. The biologic half-life is approximately 
i^ two to three hours. There is no simple correiation 

:;:between dose or plasma level and therapeutic effect, 
< and the dose-sensitivity range as observed i^ clinical 
“practice is wide. The principal reason for this is that 

sympathetic tone varies widely between ind:viduals. 
Since there is no reliable test to estimate sympathetic 
tone or to determine whether total beta blockade has 
been achieved, proper dosage requires titration. 

Beta receptor blockade is useful in conditions in 
which, because of pathologic or functional changes, 
“sympathetic activity is excessive or inapprosriate and 
^: detrimental to the patient. But there are alsa situations 
“>. in which sympathetic stimulation is vital. For example, 

'-" in patients with severely damaged hearts, acequate 
ventricular function is maintained by virtue of 
sympathetic drive which should be preserved. In the 
presence of AV block, beta blockade may prevent the 
necessary facilitating effect of sympathetic activity 
on conduction. Beta blockade results in bronchial 
‘constriction by interfering with adrenergic 
“bronchodilator activity which should be preserved in 
patients subject to bronchospasm. 

i," The proper objective of beta blockade therapy is to 

;. decrease adverse sympathetic stimulation bat not to 
i the degree that may impair necessary sympathetic 

support or vital functional balances. 

Propranolol exerts its antiarrhythmic effects in 
concentrations associated with beta-adrenergic 
blockade and this appears to be its principal 

`- antiarrhythmic mechanism of action, The membrane 

effect also plays a role, particularly, some authorities 
believe, in digitalis-induced arrhythmias. Beta- 
adrenergic blockade is of unique importance in the 

< management of arrhythmias due to increased levels of 
~~ circulating catecholamines or enhanced sensitivity of 

“the heart to catecholamines (arrhythmias associated 
with pheochromocytoma, thyrotoxicosis, exercise). 
Propranolol may reduce the oxygen requirement of 
the heart at any given level of effort by blocking 

Catecholamine-induced increases in heart rate, systolic 

blood pressure, and the velocity and extent of 

“Myocardial contraction. On the other hand, propranolol 
Qo May increase oxygen requirements by increasing left 
5, ventricular fiber length, end diastolic oressu"e, and 

'^ systolic ajaction period. 

If the net physiologic effect of beta adrenergic 
blockade in angina is advantageous, it would be 
expected to manifest itself during exercise by delayed 

¿onset of pain due to decreased oxygen requirement. 

















“INDICATIONS: Angina Pectoris due to Coronary 
Atherosclerosis 
The initial treatment of angina pectoris involves weight 
control, rest, cessation of smoking, use of sublingual 
nitroglycerin, and avoidance of precipitating 
circumstances. INDERAL is indicated in-selected patients 
with mocerate to severe angina pectoris who have not 
responded to these conventional measures. 
Propranolol should not be used in patients with angina 
which occurs only with considerable effort or with 

infrequent precipitating factors. 
521. INDERAL exerts both favorable and unfavorable 
effects, the preponderance of which may be beneficial. 
“ (See ACTIONS Section.) INDERAL should not be 
&, continued unless there is reduced pain or increased 
“os work capacity. ! 
Because of the potential for adverse results, 
-.Areatment should be carefully monitored. The patient 

should also be reevaluated periodically since the 
dosage requirement and the need to continue INDERAL 

coo may be altered by clinical exacerbations or remissions. 

t {See DOSAGE AND ADMINISTRATION.} 





Additional studies of the effects cf INDERAL 
{propranolol hydrochloride) in angiaa pectoris patients 
are in progress to better evaluate and define the proper 
role of INDERAL in this condition. 


CONTRAINDICATIONS: INDERAL is contraindicated 
in: 1) bronchial asthma; 2) allergic rhinitis during the 
pollen season; 3) sinus bradycardia and greater than 
first degree block; 4) cardiogenic shock; 5) right 
ventricular failure secondary to pulmonary 
hypertension; 6) congestive heart failure (see 
WARNINGS) unless the failure is seconcary to a 
tachyarrhythmia treatable with INDERAL; 7) in patients 
on adrenergic-augmenting psychotropic drugs 
(including MAO inhibitors), and during the two week 
withdrawal period from such drugs. 


WARNINGS: CARDIAC FAILURE: Sympathetic 
stimulation is a vital component supporting circulatory 
function in congestive heart failure, and inhibition with 
beta-blockade always carries the potential hazard of 
further depressing myocardial contractility and 
precipitating cardiac failure. INDERAE acts selectively 
without abolishing the inotropic action of digitalis on 
the heart muscle (i.e. that of supporting the strength 

of myocardial contractions). However, the inotropic 
action of digitalis may be reduced by INDERAL's opposite 
inotropic effect. The effects of INDERAL and digitalis are 
additive in depressing AV conductioa. 

IN PATIENTS WITHOUT A HISTORY OF CARDIAC FAILURE, 
continued depression of the myocardium over a period 
of time can, in some cases, lead to cardiac failure. In 
rare instances, this has been observed during 
INDERAL therapy. Therefore, at the first sign or 
symptom of impending cardiac failure, patients should 
be fully digitalized, and the responseobserved closely: 
(a) if cardiac failure continues, INDERAL therapy must 
be immediately withdrawn; (b) if tachyarrhythmia is 
being controlled, patients should be maintained on 
combined dosage and the patient closely followed 
until threat of cardiac failure is over. 

IN PATIENTS WITH CORONARY ARTERY DISEASE AND/OR 
ANGINA PECTORIS, when discontinuance of chronically 
administered INDERAL is planned, the dosage should be 
gradually reduced over a period of several weeks and 
the patient should continue to be carefully monitored. 
There have been reports of exacerbation of angina 
and myocardial infarction occurring following abrupt 
discontinuation of INDERAL therapy. 

IN PATIENTS WITH THYROTOXICOSIS, possible deleterious 
effects from long term use have not been adequately 
appraised. Special consideration should be given to 
propranolol's potential for aggravating congestive 
heart failure. Propranolol may mask the clinical signs 
of continuing hyperthyroidism or complications and 
give a false impression of improvement. Propranolol 
does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, 
several cases have been reported in which, after 
propranolol, the tachycardia was repiaced by a severe 
bradycardia requiring a demand pacemaker. In one 
case this resulted after an initial doseof 5 mg. 
propranolol. 

IN PATIENTS DURING ANESTHESIA with agents that 
require catecholamine release for maintenance of 
adequate cardiac function. beta blockade will impair 
the desired inotropic effect. Therefore, INDERAL 
should be titrated carefully when administered for 
arrhythmias occurring during anesthesia. 

IN PATIENTS UNDERGOING MAJOR SURGERY, beta 
blockade impairs the ability of the heart to respond to 
reflex stimuli. For this reason, with the exception of 
pheochromocytoma, INDERAL should be withdrawn 48 
hours prior to surgery, at which time al! chemical and 
physiologic effects are gone according to available 
evidence. However, in case of emergency surgery, since 
INDERAL is a competitive inhibitor of beta receptor 
agonists, its effects can be reversed by administration 
of such agents, e.g. isoproterenol or levarterenol. 
However, such patients may be subject to protracted 
severe hypotension. Difficuity in restarting and 
maintaining the heart beat has also been reported. 

IN PATIENTS PRONE TO NONALLERGIC B2ONCHOSPASM 
(e.g. CHRONIC BRONCHITIS, EMPHYSEMA), INDERAL should 
be administered with caution since it may block 
bronchodilation produced by endogerous and 
exogenous catecholamine stimulatior of beta 
receptors. 

DIABETICS AND PATIENTS SUBJECT TO HYPOGLYCEMIA: 
Because of its beta-adrenergic oS activity, 
INDERAL may prevent the appearance cf premonitory 
signs and symptoms (pulse rate and pressure changes) 
of acute hypoglycemia. Especially important with 
labile diabetics. 

USE IN PREGNANCY: The safe use of IMDERAL in human 
pregnancy has not been established. Use of any drug 
in pregnancy or women of childbearing potential 
requires that the possible risk to mother and/or fetus 
be weighed against the expected therapeutic benefit. 


PRECAUTIONS: Patients receiving catecholamine 
depieting drugs such as reserpine should be closely 
observed if INDERAL (propranolol hydrochloride) is 
administered. The added catecholamine blocking Ne 
action of this drug may then produce an excessive 
reduction of the resting sympathetic nervous activity. 
Occasionally, the pharmacologic activity of INDERAL 
may produce hypotension and/or marked bradycardia 
resulting in vertigo, syncopal attacks, or orthostatic 
hyootension. 

As with any new drug given over prolonged periods, 
laboratory parameters should be observed at regular 
intervals. The drug should be used with caution in 
patients with impaired renai or hepatic function. 


ADVERSE REACTIONS: Cardiovascular: bradycardia; 
congestive heart failure; intensification of AV block; 
hypotension; paresthesia of hands; arterial 
insufficiency, usually of the Raynaud type; 
thrombocytopenic purpura 

Central Nervous System: lightheadedness, mental 
depression manifested by insomnia, lassitude, 
weakness, fatigue; reversible mental depression 
progressing to catatonia; visual disturbances; 
hailucinations; an acute reversible syndrome 
characterized by disorientation for time and place, 
short term memory loss, emotional lability, slightly 
cicuded sensorium, and decreased performance on 
netiropsychometrics 

Gestrointestinal: nausea, vomiting, epigastric 
distress, abdominal cramping, diarrhea, constipation 

Allergic: pharyngitis and agranulocytosis, 
erythematous rash, fever combined with aching and wed 
sore throat, laryngospasm and respiratory distress 

Respiratory: bronchospasm 

Hematologic: agranulocytosis, non- 
thrombocytopenic purpura, thrombocytopenic 
purpura 

Miscellaneous: reversible alopecia 

Clinical Laboratory Test Findings: Elevated blood 
urea levels in patients with severe heart disease, 
elevatec serum transaminese, alkaline phosphatase, 
lactate dehydrogenase 


DOSAGE AND ADMINISTRATION: The oral route 
of administration is preferred. 


AL 

ANGINA PECTORIS — Dosage must be individualized. 
Starting with 10-20 mg. three or four times daily, 
before meals and at bedtime, dosage should be 
gradually increased at three to seven day intervals 
until opt'mum response is obtained. Although individual 
patients may respond at any dosage level, the average 
optimum dosage appears to be 160 mg. per day. The 
valve. and safety of dosage exceeding 320 mg. per 
day have not been established. 

If treatment is to be discontinued, reduce dosage 
gradually over a period of several weeks. (See 
WARNINGS.) 
PECIATRIC DOSAGE 

A: this time the data on the use of the drug in this 
age group are too limited tc permit adequate 3 
directions for use. E: 


OVERDOSAGE OR EXAGGERATED RESPONSE: 
IN THE EVENT OF OVERDOSAGE OR EXAGGERATED 
RESPONSE, THE FOLLOWING MEASURES SHOULD BE 
EMFLOYED: 

BRADYCARDIA — ADMINISTER ATROPINE (0.25 to 
1.0 mg.): iF THERE IS NO RESPONSE TO VAGAL 
BLOCKADE, ADMINISTER ISOPROTERENOL 
CAUTIOUSLY 

CARDIAC FAILURE — DIGITALIZATION AND 
DIURETICS 

HYPOTENSION — VASOPRESSORS, e.g. 
LEVARTERENOL OR EPINEPHRINE (THERE IS 
POBRE THAT EPINEPHRINE IS THE DRUG OF 

BRONCHOSPASM — ADMINISTER ISOPROTERENOL 
AND AMINOPHYLLINE 


HOW SUPPLIED 
INDERAL (propranolol hydrochioride} 
TABLETS 
No. 461-- Each tablet contains 10 mg. of propranolol 
hydrochloride, in bottles of 100 and 1,000. Also in 
unit dose package of 100. 
No. 464 — Each tablet contains 40 mg. of propranolol 
hydrochloride, in bottles cf 100 and 1,000. Also in 
unt dose package of 100. 
INJECTABLE 
No. 3265 — Each cc. contains 1 mg. of propranolol E | 
hydrochloride in Water for Injection. The pH is SM 
adiusted with citric acid. Supplied as: 1 cc. ampuls 
in boxes of 10. 


AYERST. LABORATORIES 
*| NEW YORK, N.Y. 10017 
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Stat regimen for rapid 
“reduction of blood pressure - 
in malignant hypertension 


direct-action 





O Rapid reduction to normotensive levels 
Induces rapid reduction of blood pressure generally 


within 5 minutes...often in 1 or 2 minutes to the lowest 
level achieved. Blood pressure response facilitated by 
appropriate diuretic therapy. 


tJ Prolonged activity 

A single injection of HYPERSTAT I.V. generally maintains 
blood pressure below pretreatment levels for periods 
up to 12 hours. 





O Protective action — helps avert target 
organ damage 

Cardiac output increases as diastolic pressure is 
reduced. Coronary and cerebral blood flow maintained. 
Increased renal blood flow after transient decrease 


Administration 
guidelines 


4 Hospitalized 2 Fill dry syringe 3 een ogede 
LI e Orly into 
a peripneral vein 


patient should 
be recumbent 


» with appropriate 
dose of HYPERSTAT 
I. V. Injection (20 ml. 
ampule contains 
300 mg. diazoxide). 


C mv 
l K 








“The injection of the [diazoxide] bolus 
in 10to 15 seconds results in a prompt 
blood pressure fall in a high 
percentage of cases. A maximal blood 
pressure response usually occurs 
within 5 to 10 minutes”* 











Uncomplicated procedure 

Simple I.V. “push” in a peripheral vein in 30 seconds or 
less. Close monitoring at frequent intervals is necessary 
until blood pressure is stabilized (generally 15-30 minutes). 
Thereafter, hourly measurement should be taken during 
the balance of effect. 














Stable...convenient...no preparation 
HYPERSTAT I.V. Injection supplied in a 20 ml. ampule 
containing a stable solution of diazoxide 300 mg. 

.. ready to use. 





*Marvin Moser, M.D., Assistant Professor of Clinical Medicine, Albert 
Einstein College of Medicine, and Chief of Cardiology, White Plains 
Hospital, White Plains, N.Y., in Diazoxide — an effective vasodilator in 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 





Remove needle 
= carefully— 
avoid extravasation 


Inject entire 
« dose l.V. in 
30 seconds or less 


LN 
AY = 5 
6 Patient should Monitor blood 8 If patient is to be 9 HYPERSTAT LV. 
* remain recum- s pressure closely * ambulatory, * Injection should 


until stabilized — 
usually 15-30 minutes 


bent for at least half 
an hour after injection 


is ended. 


Copyright © 1975, 
Schering Corporation. 
All rights reserved. 


blood pressure should 
be measured in 
standing position 
before surveillance 


be continued until a 
regimen of oral 
antihypertensive 
medication becomes 
effective—generally 
within a few days. 


Before prescribing HYPERSTAT I.V. Injection, please consult complete product information on next page. 


Stat regimen for 
rapid reduction 
of blood pressure 
in malignant 
hypertension 


FOR INTRAVENOUS USE IN HOSPITALIZED PATIENTS ONLY 


Description HYPERSTAT I.V. Injection is a rapidly acting antihypertensive agent. 
Each ampule (20 ml.) contains 300 mg. diazoxide, a nondiuretic benzothiadiazine 
derivative, in a clear, colorless, aqueous solution; the pH is adjusted to approx- 
imately 11.6 with sodium hydroxide. Diazoxide is 7-chloro-3-methyl-2H 1, 2, 4-benzo- 
thiadiazine 1, 1-dioxide. 


Actions | HYPERSTAT I.V. Injection produces a prompt reduction in blood pressure by 
relaxing smooth muscle in the peripheral arterioles. Cardiac output is increased as 
blood pressure is reduced by diazoxide.coronary and cerebral blood flow are main- 
tained. Renal blood flow is increased after an initial decrease. Diazoxide has no known 
direct action on the central nervous system. 

Patients refractory to other antihypertensive agents usually remain responsive 
to diazoxide. 

Diazoxide is extensively bound to serum protein (>90%). The plasma half-life is 
28 £8.3 hours; however, the duration of its antihypertensive effect is variable, 
generally lasting lessthan 12 hours. Although an antihypertensive response has been 
Obtained with slow intravenous injection, in general, a greater antihypertensive effect 
is obtained with rapid intravenous administration. 

Indications |! HYPERSTAT I.V. Injection is indicated for the emergency reduction of 
blood pressure in malignant hypertension in hospitalized patients, when prompt and 
urgent decrease of diastolic pressure is required. Treatment with orally effective anti- 
hypertensive agents should be instituted as soon as the hypertensive emergency is 


controlled. 
HYPERSTAT (diazoxide) I.V. Injection is ineffective against hypertension due to 
pheochromocytoma. 


Contraindications | HYPERSTAT I.V. Injection should not be used in the treatment of 
compensatory hypertension, such as that associated with aortic coarctation or arte- 
riovenous shunt. 

The drug should not be used in patients hypersensitive to diazoxide or other thi- 
azides, unless the potential benefits outweigh the possible risks. 

Warnings Usage in Pregnancy: The safety of HYPERSTAT I.V. Injection in pregnancy 
has not yet been established. 

Information is not available concerniag the passage of HYPERSTAT in breast milk. 
However, it is known that diazoxide crosses the placental barrier and appears in cord 
blood. Like other thiazides, the drug may produce fetal or neonatal hyperbilirubin- 
emia, seule de tip altered carbonydrate metabolism, and possibly other 
adverse reactions that have occurred in-aduits. Á 

Usage in Children: The safety cf HYPERSTAT I.V. Injection in children has not yet 
been established. ; ies 

potension may occasionally result from the administration of HYPERSTAT LV. 
If hypotension severe enough to require therapy occurs, it will usually respond to 
the administration of x AR oh acd iem eir such as norepinephrine. 

Hyperglycemia occurs in the majority of patients, but usually requires treatment 
only in patients with diabetes mellitus; it will respond to the usual management, in- 
cluding insulin. Therefore, blood glucose levels should be monitored especially in 
patients with diabetes or in those requiring DS injections of diazoxide. Hyper- 
glycemia and hyperosmolar come associated with transient cataracts developed in 
one infant receiving repeated daily doses of oral diazoxide. The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
served ina fewanimals receiving repeated daily doses of intravenous or oral diazoxide. 

Since diazoxide causes sodium retention, repeated injections may precipitate 
edema and congestive heart failure. This retention responds characteristically to 
diuretic agents if adequate renal function exists. It should be noted that concurrently 
administered thiazides may potentiate the antihypertensive, hyperglycemic, and 
pcm actions of diazoxide (See-Drug Interactions). 

ince increased volume of extracellular fluid may be a cause of treatment failure in 
nonresponsive patients, it may be advisable to reduce this increased volume by 
means of a diuretic agent. 

Although no evidence of excessive anticoagulant effects has been reported, 
patients, especially those who are hypoalbuminemic and receive HYPERSTAT I.V. 

njection and coumarin or its derivatives, may require reduction in dosage of the 
anticoagulant (See Drug Interactions). 
Precautions HYPERSTAT (diazoxide) I.V. Injection is a potent antihypertensive agent 
requiring close monitoring of the patient's blood pressure at frequent intervals. 

Its administration may occasionally cause hypotension requiring treatment with 
sympathomimetic drugs. Therefore, adequate facilities to treat such untoward 
reactions should be available when HYPERSTAT I.V. Injection is used. 

HYPERSTAT I.V. Injection should be administered only into a peripheral vein. 
Becausethe alkalinity of the solution is irritating to tissue, extravascular injection or 
leakage should be avoided; subcutaneous administration has produced inflammation 
and pain without subsequent necrosis. If leakage into subcutaneous tissue occurs, 
the area should be treated conservatively. K 

Maximal antihypertensive effects occur after rapid administration (within 30 sec- 
onds) intothe vein; a slower injection mav fail to reduce blood pressure or produce a 
very brief response. 

As with any potent antihypertensive agent, HYPERSTAT I.V. Injection should be used 
with care in patients who have impaired cerebral or cardiac circulation, that is, 
patients in whom abrupt and brief reductions in blood pressure might be detrimenta!. 

Special attention is required for patients with diabetes mellitus and those in whom 
retention of salt and water may present serious problems (See Warnings). Nondiabetic 
pred may have a transient, reversible. and clinically insignificant increase in 

lood glucose following HYPERSTAT I.V. Injection. 

Since peritoneal dialysis or hemodialysis can reduce levels of diazoxide in the 
blood, patients undergoing dialysis may require more than one injection. 

Adverse Reactions i 

Frequent and serious adverse reactions: Sodium and water retention after repeated 
injections, especially important in patients with impaired cardiac reserve; hyper- 
glycemia frequently requiring treatment in diabetic patients, especially after 
repeated injections. 5 

Infrequent but serious adverse reactions: (ip guard to shock levels; myocardial 
and/or cerebral ischemia, usually transient but possibly leading to thrombosis and 
manifested by angina, atrial and ventricular arrhythmias, and marked electrocardio- 
graphic changes; unconsciousness, convulsions, paralysis, or confusion; persistent 
retention of nitrogenous wastes after repeated injections; sensitivity reactions, such 
as rash, leukopenia, and fever. Rarely, acute pancreatitis has been reported. 

Other adverse reactions: Nausea, vomiting, and/or abdominal discomfort; vaso- 
dilative phenomena, such as flushing, generalized or localized sensations of warmth, 


direct-action 











INJECTION 
20 ml ampule 
contains 300 mg 


I;DIAZOXIDE 


headache (sometimes throbbing), and sweating; orthastatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria. 

Drug Interactions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when _ 
administering HYPERSTAT I.V. Injection. The concomitant administration of diazoxide 
with thiazides or other commonly used potent diureties may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. 

Overdosage Overdosage of HYPERSTAT I.V. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
QUE Excessive hyperaiycemie resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 
Animal Pharmacology and Toxicology In studies involving a number of species, 
includingthe rat, cat, dog, and monkey, diazoxide has been shown to exert significant 
antihypertensive actions through its direct effect on peripheral arterioles, which 
neither impairs cardiac function nor seriously diminisnes perfusion of kidneys. 

In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acidsand decreased plasma insulin 
levels by a mechanism thought to involve both suppression of insulin release and 
enhanced catecholamine action. 

Although the data are not conclusive, reproduction and teratology studies in 
several species of animals indicate that diazoxide, when administered during the 
critical period of embryo formation, may interfere with normal fetal development, 
a en through altered glucose metabolism. Parturition was occasionally pro- 

onged in animals treated at term. 

Dosage and Administration | HYPERSTAT I.V. Injection s administered undiluted and 
rapidly by intravenous pare It should only begiver into a peripheral vein. Do not 
administer it intramuscularly, subcutaneously, or into body cavities. Avoid extravasa- 
tion of the drug into subcutaneous tissues. 

The response to HYPERSTAT I.V. Injection varies from patient to patient. Generally, 
blood pressure decreases within five minutes, often within one to two minutes, to the 
lowest level achieved. The blood pressure increases relatively rapidly in the next 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. 

_ Treatment of hypertensive emergencies with HYPERSTAT I.V. Injection should be 
limited to a few days and a regimen of oral antihypertensive medications should be 
instituted as soon as possible. 

With the patient recumbent, the contents of one 20 m! . ampule containing 300 mg. 
of HYPERSTAT I.V. Injection are administered intravencusly in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blooc pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients. 
This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml./kg.) 
(See Warnings). 

A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required 
for a satisfactory reduction in blood pressure, if the first injection fails to give an 
adequate response within 30 minutes. 

em ier administration of HYPERSTAT I.V. Injection at intervals of four to 24 hours 
usua Y will maintain the blood pressure below pretreatment levels until a regimen 
of aral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. It is usually 
unnecessary to continue treatment with HYPERSTAT I.V Injection for more than 
four to five days. 

Following the use of HYPERSTAT I.V. Injection, the blood pressure should be mon- 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response. A further decrease in 
blood pressure at 30 minutes or more after injection should be investigated for 
causes other than the action of HYPERSTAT I.V. Injection. It is preferable that the 

tient remain recumbent for half an hour after injectior.In ambulatory patients, the 

A ak cde should be measured with the patient standing before surveillance is 
ended. 

Since repeated administration of HYPERSTAT I.V. Injection can lead to sodium and 
water retention, administration of a diuretic may be necessary both for maximal 
blood pressure reduction and to avoid congestive failure. 

How Supplied HYPERSTAT I.V. Injection is supplied in a 20 ml. ampule containing 
diazoxide 300 mg. in a clear, coloriess aqueous solution; box of one ampule. 

Protect from light and freezing. 

Store away from heat. 
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Schering Corporation 


SWW-4940 Kenilworth, N.J. 07033 


Bell & Howell's Physiologica 
Pressure Transducer 











For monitoring patient blood pressures, few instruments 
equal the levels of accuracy and safety provided by Bell & 
Howell's Model 4-3271 Physiological Pressure 
Transducer. 

Backed by more than 35 years experience in the 
development of quality, precision instrumentation, the 
Model 4-3271 incorporates three levels of isolation to 
prevent the accidental introduction of electrical current. 

Ease of operation and practicality are built-in features. 
Cables can be interchanged to operate with any existing 
monitoring systemssfhe Model 4-3271 cannot be 
damaged by defibrillation or electrocautery equipment 
usage. Other features of the Model 4-3271 include 
replaceable dome and body, rügged construction and 
precalibration. k 

To find out more about the Model 4-8271; write us at 360 
Sierra Madre Villa, Pasadena, California 91109. 
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Beat after beat...day after day 


To convert...to MAINTAIN normal sinus rhythm 


After conversion of cardiac arrhythmias — whether with CARDIOQUIN Tablets or some other current method — 
only low b.i.d. or t.i.d. dosage of this unique polygalacturonate salt of quinidine is required in most cases to 


maintain normal sinus rhythm. 


Well-tolerated, CARDIOQUIN Tablets are particularly suited for maintenance therapy, since the polygalactur- 
onic acid serves as a buffering moiety. It protects the mucosa of the stomach and permits dependable 


absorption of the quinidine.* 


*Aviado, D. M., Krantz and Carr's Pharmacologic Principles of Medical Practice, ed. 8, Baltimore, Williams and Wilkins Co., 1972, p. 456. 


BRIEF SUMMARY—INDICATIONS: CARDIOQUIN 
Tablets (quinidine polygalacturonate) are indi- 
cated in the treatment of: premature atrial and 
ventricular contractions; paroxysmal atrial tachy- 
cardia; paroxysmal AV junctional rhythm; atrial 
flutter; paroxysmal atrial fibrillation; established 
atrial fibrillation when therapy is appropriate; 
paroxysmal ventricular tachycardia when not as- 
sociated with complete heartblock; maintenance 
therapy after electrical conversion of atrial fibril- 
lation and/or flutter. CONTRAINDICATIONS: 
Aberrant impulses and abnormal rhythms due to 


escape mechanisms should not be treated with 
quinidine. WARNING: In the treatment of atrial 
flutter reversion to sinus rhythm may be pre- 
ceded by a progressive reduction in the degree 
of AV block to a 1:1 ratio and resulting extremely 
rapid ventricular rate. COMPOSITION: Each 
CARDIOQUIN Tablet (quinidine polygalacturo- 
nate 275 mg.) is equivalent in quinidine content 
to 3 grains quinidine sulfate. DOSAGE AND AD- 
MINISTRATION: Dosage must be adjusted to 
individual needs, both for conversion and main- 
tenance. An initial dose of 1 to 3 tablets may be 


used to terminate arrhythmias, and may be re- 
peatec in 3-4 hours. If normal sinus rhythm is not 
restored after 3 or 4 equal doses, the dose may 
be increased by 1^ to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
adequate. SUPPLIED: Uncoated, scored tablets 
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TABLETS, 25 mg and 50 mg 


HydroDIURIL 


(HY te | MSD) 


The importance of early diagnosis in hyper- 
a basic tension, so that appropriate treatment can be 
j i initi tl Il established. 
j therapeutic initiated promptly, has been well established 


Authorities in cardiovascular medicine have 
approach to come more and more to favor the thiazides 





F a hypertension as initial drug therapy in early essential 
x hypertension—for several important reasons. 
far ee Thethiazides are well-established baseline 
ý initial : therapy. Their effectiveness in lowering blood 
; medication pressure has been thoroughly documented, 


that is often and this effectiveness fits the needs of most 

effective when patients with mild hypertension. Many 

used alone hypertensives can be maintained for years 
on thiazide therapy. 





Equally important is the usefulness of the 
thiazides in combination with other antihyper- 


t suitable tensive agents, when they are indicated. This 
jor when used retention ofthethiazide intheregimen provides 
Pd with other a useful baseline upon which the physician may 
Ps agents build a therapeutic program. Since thiazides 
Ls may add to or potentiate the action of other 
des antihypertensive drugs, careful observation 
ee : for changes in blood pressure must be made. 
HydroDIURIL is highly effective antihyper- 
tensive therapy, initially and over the long term— 
the results it has helped achieve over 
HydroDIURIL many years with many patients make it 
Lm (HYDROCHLOROTHIAZIDE, MSD) especially worth your consideration in the 
bim often an early treatment of hypertension. 
excellent Contraindications include anuria and hyper- 
choice sensitivity to hydrochlorothiazide or other 


sulfonamide-derived drugs. Use with caution in 
patients with severe renal disease, impaired 
hepatic function, or progressive liver disease, 


MSD 


For a brief summary of prescribing information, SARA 
please see following page. 





O HydroDIURIL 


| E EER IMSD) 
in the management of hypertension 


Contraindications: Anuria; hypersensitivity to this or other sulfonamide-derived drugs; | 


routine use.in-an otherwise healthy pregnant woman with or without mild edema. 
Warnings: Use. with caution in severe renal disease since thiazides may precipitate 
azotemia and cumulative effects may develop. Use with caution in patients with im- 
paired hepatic function or progressive liver disease, since minor alterations of fluid 
and electrolyte balance may precipitate hepatic coma. May add to or potentiate action 
of other. antihypertensive. drugs; potentiation occurs with ganglionic or peripheral 
adrenergic blocking drügs. Sensitivity reactions may occur in patients with a history 
of allergy or bronchial asthma. Possibility of exacerbation or activation of systemic 
lupus erythematosus has been reported. 

| Usage in pregnancy: Thiazides cross placental barrier and appear in cord blood; in 

pregnancy or in women of childbearing potential, weigh anticipated benefit against 

possible hazards, including fetal or neonatal jaundice, thrombocytopenia, and possi- 
bly other adverse reactions that have occurred in adults. 

Nursing mothers: Thiazides appear in breast milk; if use of drug is deemed essential, 

_ patient should stop nursing. 

_ Precautions: Perform periodic determination of serum electrolytes to detect possible 
electrolyte imbalance. Observe al! patients for clinical signs of fluid or electrelyte 
imbalance, namely, hyponatremia, hypochloremic alkalosis, and hypokalemia. Serum 
and urine electrolyte determinations are particularly important when patient is vomit- 
ing. excessively or.receiving parenteral fluids. Warning signs, irrespective of cause, 

e dryness o “mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle 
pains or cramps, muscular fatigue, hypotension, oliguria, tachycardia, and gastrointes- 
inal disturbances such as nausea and vomiting. Hypokalemia may develop, especially 
with brisk diuresis, in severe cirrhosis, with concomitant corticosteroid or ACTH 
therapy, or with inadequate oral electrolyte intake. Hypokalemia can sensitize or 
Heit. ‘response of heart to toxic effects of digitalis (e.g., increased ventricular 
ility}. Hypokalemia may be avoided or treated by use of potassium supplements, 

such as foods with a high potassium content. Any chloride deficit is generally mild 
| usually. does not require specific treatment except under extraordinary circum- 
stances (as in liver disease or renal disease). Dilutional hyponatremia may occur in 
ematous patients in hot weather; appropriate therapy is water restriction, rather 
than administration. of salt except in rare instances when the hyponatremía is life 
threatening. In actual salt depletion, appropriate replacement is the therapy of choice. 
Hyperuricemia máy occur or frank gout may be precipitated in certain patients. 
sulin requirements in diabetic patients may be increased, decreased, or unchanged; 
latent diabetes: mellitus may become manifest. Thiazides may increase responsive- 
ness to: tubocurarine. Antihypertensive effects of the drug may be enhanced in pest- 
$s ympathectomy patients. May decrease arterial responsiveness to norepinephrine; 
ths ‘diminution isnot sufficient to preclude effectiveness of the pressor agent for 

. therapeutic use. If progressive renal impairment becomes evident, consider with- 

holding or discontinuing diuretic therapy. Thiazides may decrease serum PBI levels 

*: without signs of thyroid disturbance. Pathological changes in the parathyroid glands 

with hypercalcemia and hypophosphatemia have been observed in a few patients on 
rolonged therapy; the effect of discontinuance of therapy on serum calcium and 
osphorus levels may be helpful in assessing the need for parathyroid surgery in 
ch patients. 

When used with other antihypertensive drugs, careful observations for changes in 
ood pressure. must be made, especially during initial therapy. Dosage of other arti- 

hypertensive. agents must be reduced by at least 50 percent as soon as this drug is 

added to the regimen. As bicod pressure falls under the potentiating effect of this 
agent, further reduction in dosage, or even discontinuation, of other antihyperten- 
sive drugs may be necessary. 

Adverse Reactions: Gastrointestinal System—Anorexia; gastric irritation; nausea; vom- 
ing; cramping; diarrhea; constipation; jaundice {intrahepatic cholestatic jaundice); 

pancreatitis; sialadenitis. 

«- Central Nervous System—Dizziness; vertigo; paresthesias; headache; xanthopsia. 

Hematologic —Leukopenia; agranulocytosis; thrombocytopenia; aplastic anemia. 

Cardiovascular—Orthostatic hypotension (may be aggravated by alcohol, barbiturates, 

“or narcotics). 


HypersensitivityPurpura photosensitivity; rash; urticaria; necrotizing angiitis (vas- 


culitis) (cutaneous: vasculitis}; fever; respiratory distress; ‘anaphylactic reactions. 

Other—Hyperglycemia; glycosuria; hyperuricemia; muscle spasm; weakness; rest- 

lessness; transient blurred vision. 

Whenever adverse reactions are moderate or severe, thiazide dosage should be re- 

duced or therapy withdrawn. 

How Supplied: Tablets containing 25 mg h drochlorothiazide each in bottles of 100 
nd 1000 and single-unit Boc. of 100; Tablets containing 50 mg. hydrochlorothia- 
de each in bottles of 1 and 5000 and single-unit packages of 100,- 


a more. detailed information, consult your MSD representat r see full prescribing: i 


Sharp & Dohm Division af Merck & Co., ine. West Point, Pa. 19488 


"Required 
Reading" 
ForYour — 
Hypertensive 


Because of the importance of 
patient motivation, Merck 
Sharp & Dohme offers “High 
Blood Pressure,” a concise, 
pocket-sized booklet that 
defines the patient’s own role 
in the management of hyper- 
tension. This booklet is avail- 
able for you to give to your 
patients. It is designed to 
reinforce your explanation of 
hypertension and it emphasizes 
the importance of patient 
understanding in adhering to 
the regimen you prescribe. 


Please ask your Merck Sharp & 
Dohme Prcfessional Represen- 
tative or write Professional 
Service Department, West 


- Point, Pa. 19486 for a supply 
. of this booklet. 
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An abundance of patient data is one thing... 





...a means of readily identifying data significance 
can be quite another. 


Because a wide range of patient condition of day from the previous 1, 4, 8 or 24 hours. 

measurements is vital, yet can assume a different 

significance at different times during the course of an Beyond this, PDS can integrate other data entries 

illness, General Electric offers you the Patient Data into the system for simultaneous consideration and 

System. Not just another monitoring evaluation. Including: clinical lab results, fluid input/ 
E system...comprehensive patient management. output balance, manual parameters, and medication 

1 : summaries. This, for example, can permit evaluation 

PDS presents data in meaningful formats that permit of drug therapy over a period of time. 

clear interpretation and precise intervention. One is a 

unique Vector Contour Plot which displays up to 8 PDS. Information plus identification of significance. 

selected parameters as a circle. Any change Your GE representative will show you how this 

in monitored parameters results in distortion | performance difference can bring new 

of that circle. This is clearly visible from a | standards of patient management to your 


distance and identifiable as a significant 
change in patient status, permitting action 
before alarm limits are reached. An integral 
computer permits patient trend information 
to be clearly displayed, documented to time 


institution. Look for the commitment behind 
the equipment. 


General Electric Medical Systems, 
Milwaukee, Toronto, Liege, Madrid 


PDS provides 

both. For 
comprehensive 

patient GENERAL QD ELECTRIC 
management. 









Neither inconvenient, 
unpalatable, expensive 
potassium supplements nor 

special K* rich diets are 

needed as a rule. Just 

‘Dyazide’ once or twice 

daily for control of edema. 

Serum K* and BUN should be 

checked periodically 

(see Warnings section). 


Before prescribing, see complete prescribing in- 
formation in SK&F literature or PDR. The following 
is a brief summary. 





WARNING 

This fixed combination drug is not indicated for 
initial therapy of edema or hypertension. Edema 
or hypertension requires therapy titrated to the 
individual patient. If the fixed combination 
represents the dosage so determined, its use may 
be more convenient in patient management. The 
treatment of hypertension and edema is not 
static, but must be reevaluated as conditions in 
each patient warrant. 








Indications: Edema: That associated with conges- 
tive heart failure, cirrhosis of the liver. the nephrotic 
syndrome; steroid-induced and idiopathic edema; 
edema resistant to other diuretic therapy. Mild to 
moderate hypertension: Usefulness of the triam- 
terene component is limited to its potassium-sparing 
effect. 


Contraindications: Pre-existing elevated serum 
potassium. Hypersensitivity to either component. 
Continued use in progressive renal or hepatic dys- 
function or developing hyperkalemia. 

Warnings: Do not use dietary potassium supple- 
ments or potassium salts unless hypokalemia devel- 
ops or dietary potassium intake is markedly impaired. 
Enteric-coated potassium salts may cause small 
bowel stenosis with or without ulceration. Hyper- 
kalemia (75.4 mEq/L) has been reported in 4% of 
patients under 60 years, in 12% of patients over 60 
years, and in less than 8% of patients overall. Rarely, 
cases have been associated with cardiac irregularities. 
Accordingly, check serum potassium during therapy, 
particularly in patients with suspected or confirmed 
renal insufficiency (e.g., elderly or diabetics). If 
hyperkalemia develops, substitute a thiazide alone. 
If spironolactone is used concomitantly with 
"Dyazide', check serum potassium frequently — 


both can cause potassium retention and sometimes 
hyperkalemia. Two deaths have been reported in 
patients on such combined therapy (in one, recom- 
mended dosage was exceeded; in the other, serum 
electrolytes were not properly monitored). Observe 
patients on “Dyazide’ regularly for possible blood 
dyscrasias, liver damage or other idiosyncratic reac- 
tions. Blood dyscrasias have been reported in pa- 
tients receiving Dyrenium (triamterene, SK&F). 
Rarely, leukopenia, thrombocytopenia, agranulo- 
cytosis, and aplastic anemia have been reported 
withthe thiazides. Watch for signs of impending coma 
inacutely ill cirrhotics. Thiazides are reported to cross 
the placental barrier and appearin breast milk. This 
may result in fetal or neonatal hyperbilirubinemia, 
thrombocytopenia, altered carbohydrate metab- 
olism and possibly other adverse reactions that have 
occurred in the adult. When used during pregnancy 
orin women whomight bear children, weigh potential 
benefits against possible hazardsto fetus. 

Precautions: Do periodic serum electrolyte and BUN 
determinations. Do periodic hematologic studies in 
cirrhotics with splenomegaly. Antihypertensive 
effects may be enhanced in postsympathectomy 









patients. The following may occur: hyperuricemia 
and gout, reversible nitrogen retention, decreasing 
alkali reserve with possible metabolic acidosis, hy- 
pergl ycemia and glycosuria (diabetic insulin require- 
ments may be altered), digitalis intoxication (in 
hypokalemia). Use cautiously in surgical patients. 
Concomitant use with antihypertensive agents may 
result in an additive hypotensive effect. 'Dyazide' in- 
terferes with fluorescent measurement of quinidine. 


Adverse Reactions: Muscle cramps, weakness, dizzi- 
ness, headache, dry mouth; anaphylaxis; rash, 
urticaria, photosensitivity, purpura, other derma- 
tological conditions; nausea and vomiting (may 
indicate electrolyte imbalance), diarrhea, constipa- 
tion. other gastrointestinal disturbances, Necrotiz- 
ing vasculitis, paresthesias, icterus, pancreatitis, 
xanthopsia and, rarely, allergic pneumonitis have 
occurred with thiazides alone. 

Supplied: Bottles of 100 capsules; in Single Unit 
Packages of 100 (intended for institutional use only). 


SK&F Co., Carolina, P.R. 00630 


Subsidiary of SmithKline Corporation 


azide’ gets excess water and salt out 
and helps keep essential potassium in. 
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CLINICAL STUDIES 


i 767 Relation of Intraoperative or Early Postoperative Transmural Myocardial Infarction to Patency of 
Aortocoronary Bypass Grafts and to Diseased Ungrafted Coronary Arteries 


JOSE L. ASSAD-MORELL, ROBERT L. FRYE, DANIEL C. CONNOLLY, GERALD T. GAU, 
JAMES. R. PLUTH, DONALD A. BARNHORST, ROBERT B. WALLACE, GEORGE D. DAVIS, 
LILA R. ELVEBACK and GORDON K. DANIELSON 


Evidence of transmural myocardial infarction was found early postoperatively in 13 percent of 500° pe i 
undergoing saphenous vein aortocoronary artery bypass graft surgery. Twenty-five percent of all transi 
farctions occurred within the zone of the myocardium supplied by a diseased ungrafted artery. When the inf. 
tion occurred in a zone supplied by the grafted artery there were as many patent as occluded grafts. N 
percent of 154 patients in the group without infarction who had early postoperative graft angiograms ha 
graft occluded but no evidence of transmural infarction by the criteria of this study. Early postoperati 
dence of transmural myocardial infarction is an unreliable indicator of the status of the graft supplying t the zül 
of infarction. 


: 774  Aortocoronary Bypass in the Diabetic Patient 
JOSEPH J. VERSKA and WELDON J. WALKER 


This comparison of 35 patients with diabetes of adult onset and 77 without diabetes, all undergoing angiograp l: 
ic study and aortocoronary bypass, revealed more preoperative unstable angina, prior myocardial i infarcti 

and class IV functional disability in the diabetic group, but otherwise no significant differences between groups 
in the appearance of the major coronary arteries angiographically or at operation, blood flow, operative mort | 

ity or other results. Similar criteria for operability apply to diabetic and nondiabetic patients with symptomatic 
coronary artery disease. 


778 Ischemia in Aortic Stenosis: Hemodynamic Prediction 
GERALD BUCKBERG, LESLIE EBER, MICHAEL HERMAN and RICHARD GORLIN 


The subendocardial blood supply in 12 patients with aortic stenosis was estimated by using a diastolic press 
time index (DPTI) calculated from aortic and left ventricular pressure and oxygen demand, estimated: from 
tension-time index (TTI). The supply/demand relation, using the ratio DPTI/TTI, may prove useful in predic j 
which patients with aortic stenosis ischemia will develop, in distinguishing the role of associated Coronae gnam 
disease and in calculating valve area. 
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and Atrial Pacing 


HANS PETER KRAYENBUEHL, MANFRED SCHOENBECK, WILHELM RUTISHAUSER and PIERRE WR 


These results show that the combination of atrial pacing and handgrip exercise constitutes a useful stro: 
^ neuver to. identify temporarily dysfunctioning ventricular segments in patients. with coronary arte! 
: when atrial. pacing alone fails to induce ischemic contraction disorders. This maneuver produces a it 
crease in aortic pressure, increasing the imbalance between: oxygen demand, and supply to the myocardium 
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5 Effects of Hypoxemia on the Extent of Myocardial Necrosis After Experimental Coronary © Oc lus 
PAULO RADVANY, PETER R. MAROKO and EUGENE BRAUNWALD 







Comparing the effects of inhalation of 10 and 20 percent oxygen concentrations on myocardial injury and ne- 
crosis after experimental coronary occlusion, these studies in 11 anesthetized open chest dogs after a 2 
ute occlusion of the left anterior descending coronary artery or a major branch demonstrate the deleterio 
fect of hypoxemia in significantly increasing the extent of myocardial damage. The latter was evide 
early myocardial necrosis, increased S-T elevations and decreased myocardial creatine phosphokinase a 


ty. 













801 Digitalis in Experimental Acute Myocardial Infarction. Differential Effects on contacts Perform 
of Ischemic, Border and Nonischemic Ventricular Zones in the Dog 


VIDYA S. BANKA, KUL D. CHADDA, MONTY M. BODENHEIMER and RICHARD H. HELFANT 











Digoxin given to dogs following temporary occlusion of the left anterior descending coronary Aer unifor 
creased contraction of the nonischemic and border zones of the heart, but had minimal effects on contr 
and aneurysmal bulging in the ischemic zone. These data support the potential clinical value of e: 
tients with left ventricular dysfunction secondary to acute myocardial infarction. 
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09 Left Axis Deviation and Left Anterior Hemiblock Among 8,000 Japanese-American Men 


KATSUHIKO YANO, STEPHEN M. PESKOE, GEORGE G. RHOADS, JOSEPH O. MOORE and 
ABRAHAM KAGAN 






The incidence rate of left axis deviation and left anterior hemiblock was 2.6 and 1.5 percent, respectively, ia: 
community of 8,000 Japanese-American men aged 45 to 69 years. Although more than 60 percent of men . 
with these electrocardiographic patterns had no other cardiovascular abnormalities, a significant association 
was found between these patterns and the prevalence of hypertension, myocardial infarction and strokes. T 
study suggests there are qualitative differences between the causative mechanisms and clinical features of left. 
axis deviation and those of left anterior hemiblock. 














METHODS 


Diagnosis and Quantification of Arrhythmias in Ambulatory Patients Using an Improved R-R Interval ` 
Plotting System 
MARIO G. LOPES, JOHN FITZGERALD, DONALD C. HARRISON and JOHN S. SCHROEDER. 






This new technique, using simultaneous plotting of the R-R interval, QRS duration and QRS vector against tim 
facilitates diagnosis and quantitation of arrhythmias during rest or ambulatory electrocardiagraphic monitori ng 





















“824. Nonparoxysmal Junctional Tachycardia in Acute Myocardial Infarction: Computer-Assisted Detect 
SUZANNE B. KNOEBEL, SUSAN RASMUSSEN, D. EUGENE LOVELACE «and. GARY. J. ANDERSON 


" Forty percent of.30 consecutive patients with acute myocardial infarction. manifested Äonparoxysral juncti 
= tachycardia during. continuous magnetic tape recording i in their first 24 hours after admission to a coronar ca 
uniti in 5 patients the arrhythmia was not recognized. by conventional monitoring techniques. The mortali 
_was. 33 percent inpatients with this arrhythmia and 6 percent in Thone without it. The pomputer oer no 
diagnostic system but a laps review method. E ; E ; : 
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restored after 3 or 4 equal doses, the dose may 4 


be increased by 12 to 1 tablet (137.5 to 275 mg.) 
and administered three to four times before any 
further dosage increase. For maintenance, one 
tablet may be used two to three times a day; 
generally one tablet morning and night will be 
&dequate. SUPPLIED: Uncoated, scored tablets 


drea s han Purdue Frederick 


©COPYRIGHT 1974, THE PURDUE FREDERICK COMPANY 
NORWALK, CONN, 06856 A7356 138274 












PEDIATRIC CARDIOLOGY 


‘Correction of Platelet Dysfunction and Bleeding in Cyanotic Congenital Heart Disease by Simpie ed 
. Cell Volume Reduction 


HAROLD M. MAURER, CAROLYN M. McCUE, LOUISE W. ROBERTSON and JOYCE C. HAGGINS z 







Preliminary data in four boys with cyanotic congenital heart disease and polycythemia suggest that phisboto 
and isovolumic plasma transfusion to reduce red cell volume not only palliate fatigue and dyspnea relate 
polycythemia but, more importantly, also correct platelet function abnormality and restore platelet function 
normal for at least 3 weeks. Such red cell volume reduction preoperatively in patients with cyanotic heart 
ease and defects in platelet function may lessen the risk of serious bleeding during the early postoperative 
od. 



































REPORTS ON THERAPY 


Surgical versus Medical Treatment of Occlusive Disease Confined to the Left Anterior Descending. 
Coronary Artery 


NICHOLAS T. KOUCHOUKOS, ALBERT OBERMAN, RICHARD O. RUSSELL, Jr. and WILLIAM B. JONE 








In this group of 29 surgically treated and 24 medically treated patients with isolated left anterior descending 
onary artery disease, stable angina and normal or minimally impaired left ventricular function, saphenous 
bypass grafting did not improve the prognosis more than medical treatment but was more effective in reli 
- angina and increasing exercise performance in the early years after coronary arteriography. ni 






SYMPOSIUM ON THE CURRENT STATUS OF VALVE REPLACEMENT. PART Il 


43 Ball Valve Prostheses: Current Appraisal of Late Results 
LAWRENCE |. BONCHEK and ALBERT STARR 





In 912 patients who had isolated mitral or aortic valve replacement with ball valve prostheses from 1965. 
1974, the cloth-covered prostheses significantly lowered the incidence of emboli after mitral valve replacemen 
(1.9 versus 6 emboli per 100 patient years) and so far have eliminatec emboli after aortic valve replacemen 
patients receiving warfarin. Warfarin clearly enhances the safety of cloth-covered valves; the efficacy of 
platelet drugs is still uncertain. 


55 “Current Status of the Beall, Bjork-Shiley, Braunwald-Cutter, Lillehei-Kaster and Smeloff-Cutter 
<5. Cardiac Valve Prostheses 


ROBERT K. BRAWLEY, JAMES S. DONAHOO. and VINCENT L. GOTT 


Hospital and late mortality rates after aortic valve replacement are comparable for the Bjork-Shiley, Braun 
wald-Cutter, Lillehei-Kaster and Smeloff-Cutter valves and depend more on patient selection than on the valve 
used. Mortality after mitral valve replacement is also more influenced by factors other than prosthetic valve 
sign. For patients with a small left ventricular cavity the low profile prostheses, such as the Beall; Bjork-S 
and Lillehei-Kaster, may be advantageous. Anticoagulant therapy is essential postoperatively to prevent th i 
boembolic problems in all patients with aortic or mitral valve prostheses. 







866 Tissue Valves 
ROBERT B. WALLACE 


The nein limiting factor in valve replacement is the kind of valve substitute now that the operative mortality b 
E an Se surgical team.is less than 5 percent in paien undergoing aortic. or mitral valve dui m 
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rend recording of S-T segment and heart rate Model 425 Holter Monitor ' 
Digital display and chart recording of Provides a 2-channel, 24-hour ECG recording of 
< ventricular and supraventricular ectopic beats ambulatory patients. 

"Total heart beat counter Model 660 Electrocardioscanner? 
Digital display clock Performs a 12-minute scan of the 24-hour, 2-chan- 
Automatic time print-out on ECG write-out nel tape recording and provides standard ECG 
"Adjustable delay loop for tape deck documentation of abnormalities and quantification 
. Solid state, modular design of atrhythmia and ischemic data, 


Li Please send me the literature. | would like to know more about Holter monitoring 
and the Avionics Dynamic Electrocardiographic Systems. 


E Send the literature, and schedule me for a visiting demonstration. | am definitely 
interested in acquiring this kind of equipment. 
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: .. Diagnosis and i Management of Complications of Prosthetic Heart Valves 
FRANK: E. KLOSTER 


After heart valve replacement infectious endocarditis may occur within 60. days or later in 4 percent o 
tients. Prompt recognition and treatment are crucial. Postperfusion and postcardiotomy syndromes are rela 
ly common benign conditions easily confused with endocarditis or sepsis. Intravascular hemolysis; prost 
valve dysfunction and systemic embolization are other complications that this article reviews. Anticoagula 
therapy is recommended for all patients with prosthetic heart valves unless there is a major contraindicatio: 


86 Renal Consequences of Valvular Heart Disease 
GEORGE A. PORTER, WILLIAM M. BENNETT and JOHN W. WILSON 


Altered renal function in patients with valvular heart disease may be related to disturbances in renal salt and 
water handling, hemodynamic effects of angiographic contrast agents and infections, particularly bacteria’ 
docarditis. Diuretic refractoriness may be due to decreased delivery of proximal tubular filtrate to distal tu 
sites since most common diuretic agents act on this segment of the nephron. Although focal embolic glome 
lonephritis is the most characteristic renal lesion in bacterial endocarditis, as a result of repeated microembo 
originating from the infected endocardium, immunologically mediated mechanisms are probably implicated. 


REPORT OF THE INTER-SOCIETY COMMISSION FOR HEART DISEASE RESOURCES 


) " Optimal Resources for Ultrasonic Examination of the Heart 


RAYMOND GRAMIAK, NICHOLAS J. FORTUIN, DONALD L. KING, RICHARD L. POPP and 
HARVEY FEIGENBAUM 


This report provides planning guidelines for hospital-based echocardiographic laboratories and a technica 
scription of the procedure for an adequate echocardiographic examination of children and adults. An al 
pated case load of at least two to three examinations a day is necessary to justify the training required tt 
tiate this service. 


YOUNG INVESTIGATORS’ AWARD 


04 ` Intramyocardial Pressure: Effect of Preload on Transmural Distribution of Systolic Coronary Blood Flo bs 
- JOSEPH P. ARCHIE, Jr. UE 


Measurements in 7 to 16 concentric layers of the left ventricle of 16 dogs and other hemodynamic data: she 
that intramyocardial pressure shuts off systolic coronary blood flow across the entire left ventricular wall ati 
levels of preload, and at high levels of preload it determines a gradient of decreasing systolic coronary: blood 
flow from the subepicardium to zero in the subendocardial layers. A dilated or failing left ventricle receives s 
tolic flow to the outer myocardial layer; at low preload levels myocardial perfusion occurs entirely during di 
tole. 


CASE REPORTS 


912 Bacterial Endocarditis with Ruptured Sinus of Valsalva and Aorticocardiac Fistula 
CESAR A. CONDE, JOSE MELLER, EPHRAIM DONOSO and SIMON DACK 


.Early diagnosis, appropriate medical therapy and surgical repair permitted the remarkable pane 
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| Unruptured Sinus of Valsalva Aneurysm 


MICHAEL C. FISHBEIN, ROBERT OBMA and WILLIAM C. ROBERTS 
Although a congenital aortic sinus of Valsalva aneurysm usually ruptures, such an purple a 


the right aortic valve cusp in an 82 year old retired farmer was noted as an incidental. nec 
eurysm bulged into the right ventricular outflow tract but not enough to obstruct the outflo 


urrent Myocardial Infarction and Angina in a Woman with Normal Coronary Angiog 
5 DAVID. A. CIRAULO 
: Recurrent myocardial infarction and angina pectoris in a 46 year old woman with normal c 


coronary angiogram are attributed to coronary arterial spasm for want of a better explanz 
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alcoholdp Moeryrhri ito ) 


dndicetions: Based on o review of this drug 
by the National Academy of Sciences — 
Nofional Research Council and/or other 
information, FDA has classified the indica- 
tions as follows: 

"Possibly" effective: Peritrate (penta- 
erythritol tetranitrate), is indicated for the 
relief of angina pectoris (pain associated 

| with coronary artery disease). isnot 
intended to abort the acute anginal 
episode but. itis widely regarded as use- 
ful in the prophylactic treatment of angina 
pectoris. 

Final classification of the less-than- 
effective indications requires further 
investigation. 


Contraindications: Peritrate SA Sustained 

Action (pentaerytarital tetranitrate) 80 mg is 

contraindicated in patients who have a his 

of sensitivity to thé drug. 

Warning: Data supporting the use of Peritrate. 
(pentaerythritol tetranitrate) during the 

early days of the acute phase of myocardial 

infarction (the period during which clinical 


wand laboratory findings are unstable).are 


insufficient to establish sáfety. 

This drug can det as a physiological 
antagonist to norepinephrine, acetylcholine, 
histamine, and many other agents. 
Precavtions; Should be used with caution'in 
patients who have glaucoma. Tolerance to 


|. this drug, and cross-toférance to other nitrites 


ond nitrates may occur. 
Adverse Reactions: Side effects reported to 
date have been predominantly related t« 
(which requires sconti ation of medi 
and headache and gastrointestinal distress, 
which are usually mild and transient 
tinudtion of medication. in some ca 
persistent headaches may occur. 
In addition, the followi i 
fo nitrates such as pen 
have been reported in the lit i 
(a) Cutaneous vasodilatation with Hushing. 
(b) Transi episodes of dizziness 
weaknes i 
cerebral i 
postural hn Vooi 
develop. 


vomiting, 
perspirat 


Aicohol may e ; 
ote partra ined Action 
1 i tetranitrate) 80mg (bd, on 
mach}, Liabletimmediotely on 
ig andiicbleti2 hours loter. Tablets 
dot be chewed, ; 
Supplied: Peritrate SAS: ined Action 


+ 


Apentaerythrital letranitrat ) 80 mg, double 


layer biconve ark green/light green tablets 


“in bottles.of } 47-0004-51) and 1000 


(N 0047-0004 -package 


“of JO x 10 strips (N 0047.000 3 


Additional Dosage Form trate 20 mg— 

light green, scared tab! n bottles of 100 

(N 0047- 0001. S i ) (N 0047-0001-60). 
i x 10 strips 

h green, 

unscored tablets in b £ 

0007-51) and 1000 {N 0047-000760). 

Full information is avallabla on request. 
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For over 22 years, Peritrate" has been 

RN considered by many physicians as one 

x «AN of the top defensive measures for 

i > patients with angina pectoris. In many 
patients Peritrate used prophylactically 
helps decrease the frequency and sever 
ity of angina attacks.* With minimal 
side effects. 
Peritrate can also help reduce nitro 
glycerin requirements and, therefore, 
nitroglycerin side effects. Is it any 
wonder so many physicians continue to 
prefer Peritrate prophylaxis for their 
angina patients? 


LONG-ACTING PROTECTION 
AGAINST ANGINA PAIN* 


Peritrate SA 


Sustained Action 
(pentaerythritol tetranitrate) 80mg 


Warner/Chilcott 


Div. Warner: Lambert Company 
Morris Plains NaJ. 07950 


PE-QP.51 


The Great Wall of China, an immense 
1,400-mile-long man made barrier 20 to 
30 feet high and 15 to 20 feet thick, 
helped defend China from the attack of 
Mongol hordes for more than 2,000 years 


"The drug has. been evaluated as possibly 
effective for this indication 
See brief summary. 








incrossed performance The Parametron 7000 

‘Monitoring System's advanced solid-state circuitry 

‘enables extremely accurate monitoring over a wide 

measurement range for all patients .. adult, pediat- 

s ric and neonatal...even under adverse clinical con- 
ditions. Extended line voltage capability (85-135V) 

allows uninterrupted monitoring. even during 

brownouts’. 

-Parametron 7000 Monitors feature a non- 

fade, two-trace, memory-type oscillo- 

‘scope, brightly illuminated digital data 

displays for rapid interpretation, and 

plug-in parameter modules. Each para- 

eter nas separate hi igh- and low- M 
















T spare 
modules is 


ECG module 

Provides diagnostic quality ECG waveforms for long- 
monitoring. Has two operating modes, normal 
and monitor, with automatic switching. The diagnostic 
bandwidth exceeds AHA recommendations of fre- 
quency response. 

heart rate module 

Wide measurement range, 0 to 300 BPM, covers adult, 
pediatric, and neonatal requirements. Extremely ac- 
urate counting circuitry for detection of complexes 
derived from ECG, peripheral pulse or blood pressure 
waveforms. 

KV pressure module 

For intravascular measurement of systolic, diastolic. 
jean erterial, and mean venous pressures. Provides 
urate measurement of pediatric arterial pressures 





a pulmonary geo pressures in the 30 to 80 mmHg 


_ > ROCHE MEDICAL ELECTRONICS DIVISION, HOFFMANN -LA ROCHE IN 


available. This program together 
with Roche nationwide service 
assure continuous reliable 
operation. 


extended flexibility Stylish 
Parametron 7000 Monitorsare com- 
pact, lightweight, designed for easy 
. portability and ease of use. They 
i can be cart- or wall-mounted 
or placed on a table top. 
Single-function controls and 
highly legible digital dis- 
plays enhance operabil- 
ity. Plug-in modules, 
allow one to monitor 
patients over a wide 
range of clinical 
situations. 


Gee 





Design enables use 
as a discrete monitor, 
with Hoche cen- 
tralized monitoring, 
and/or with 
computer-based 
intensive care 
systems. 


Parametron 7000...from Roche. 


respiration/apnea module 

Wide range of depth of respiration, rapid recovery 
from high-level artifact and respiration rate measure- 
ments from 0 to 150 B/M, with separate apnea detec- 
tion circuitry. 

temperature monitor module 
Monitor rectal. esophageal or skin temperatures over - 


the range of 0° to 42°C. An accurate stable three- '. 
digit display of the measured temperature over the =. 


wide range required for patients in induced hypo. or. 
hyperthermia as well as skin temperature measure- 
ment. 


The Parametron 7000 Patient Monitoring ently a S 


designed for patient safety. reliable operation, . 
creased accuracy and flexibilityin a compact. radical 
system. All backed by Roche nationwide service. For: 
more information, write for literature. Or phone your 
Roche representative today. Š 





RANBURY.N.J.08512 . 
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“The injection of the [diazoxide] bolus 
in 10 to 15 seconds results in a pro ipt 
blood pressure fall in a high B 
percentage of cases. A maximal 
pressure response usually occu 
within 5 to 10 minutes: '* 


| direct-action 


apid reduction to normotensive levels 

luces rapid reduction of blood pressure generally 
5. minutes... often in 1 or 2 minutes to the lowest 

achieved. Blood pressure response facilitated by 

Opriate diuretic therapy. 


longed activity 
ingle injection of HYPERSTAT LV. generally maintains 
ood pressure below pretreatment levels for periods 
to 12 hours. 


otective action —helps avert target 


Q Uncomplicated procedure 

Simple LV. “push” in a peripheral vein in 30 Seco! 
less. Close monitoring at frequent intervals is nece: 
until blood pressure is stabilized (generally 15-30 m 
Thereafter, hourly measurement should be taken du i 
the balance of effect. : 


0 Stable...convenient...no preparation 
HYPERSTAT LY Injection supplied ina 20 ml. arm 
containing a stabile solution of diazoxide 300 mg.’ 
..ready to use. 


*Marvin Moser, M.D., Assistant Professor of Clinical Medicins 
Einstein College of Medicine, and Chief of Cardiology. White 
Hospital, White Plains. N.Y.. in Diazoxzide -- an effective vasadila 
accelerated hypertension. Am Heart J 87(6): 791-795, June 1974 


San diac output increases as diastolic pressure is 
d. Coronary and cerebral blood flow maintained. 
p arenal! blood flow after transient decrease. 


Inject entire 
« dose lV. in 
30 seconds or less. 


2 Fill dry syringe 3 insert needle 
« with appropriate s only into 
dose of HYPERSTAT a peripheral vein 
LV. Injection (20 mi. 

ampule contains 

300 mg. diazoxide) 


Monitor blood 


-pressure closely > 


“until stabilized — 
- - usually 15-30 minutes. 


8 If patient is to be 
* ambulatory. 
blood pressure should 
be measured in 
standing position - 
before Surveillance. 

= is.ended. .. - 


HYPERSTAT 1 V. 
» "injection should 
be continued until. à 
regimen of oral 


. .-gntihvpertensive 

medication becomes 
-elfectve— generally 
“withic a few days. -. 



























Actions HYPERSTAT-LV. Injectior produces a prompt reduction in blood pressure by 
rela 


dications . HYPERSTAT LV. Injection is indicated for the emergency reduction of 
sure in malignant hypertension in hospitalized patients, when prompt and 
ant decrease of diastolic pressure is required. Treatment with orally effective anti- 
ipertensive agents should be inssituted as soon as the hypertensive emergency is 


































ntrolled. . 
;- HYPERSTAT (diazoxide) i. V. Injection is ineffective against hypertension due to 
pheochromocytoma. 
ntraindications | HYPERSTAT Ly. Injection should not be used in the treatment of 
compensatory hypertension, suchas that associated with aortic coarctation or arte- 
‘ovenous shunt. . . . . i 
‘he: drug should not be used in patients hypersensitive to diazoxide or other thi- 
des, unless the potential benefits outweigh the possible risks. 
i *, Usage in Pregnancy: The safety of HYPERSTAT i V. Injection in pregnancy 
is not yet been established. 
Information is not availatle conzerning the passage of HYPERSTAT in breast milk. 
owever, itis known that diazoxidecrosses the placental barrier and appears in cord 
lood. Like other thiazides, the drug may produce feta! or neonata! hyperbilirubin- 
nia, thrombocytopenia, altered carbohydrate metabolism, and possibly other 
erse reactions that have occursed in adults. S 
sage in Children: The safety of HYPERSTAT I. V. Injection in children has not yet 
astablished. 
lypotensioni may occasicnally result from the administration of HYPERSTAT IV. 
if hypotension severe enough to require therapy occurs, it will usually respond to 
he acministration of sympethomimetic agents, such as norepinephrine. 
‘Hyperglycemia occurs in the majority of patients, but usually requires treatment 
nly in patients with diabetes meil ‘tus; it will respond to the usual management, in- 
ud n; Therefore, blood giucose levels should be monitored especially in 
i with diabetes or in those requiring multiple injections of díazoxide. Hyper- 
emia and hyperosmolar coma associated with transient cataracts developed in 
infant receiving repeated daily doses of oral diazoxide, The disturbed carbo- 
hydrate metabolism was successfully treated with insulin. Cataracts have been ob- 
servedinafewanimalsreceiving repeated daily doses of intravenous or oral diazoxide. 
: diazoxide causes sodium retention, repeated injections may precipitate 
edema and congestive heart failure. This retention responds characteristically to 
diuretic agents if adequate renal function exists. It should be noted that concurrently 
‘ered thiazides may potentiate the antihypertensive, hyperglycemic, and 
emic actions of diazoxide (See Drug interactions). 
_ Since increased volume of extracellular fluid may be a cause of treatment failure in 
janrespansive patients, it may be advisable to reduce this increased volume by 
eans of a diuretic agent. 
“Although no evidence of excessive anticoagulant effects has been reported, 
mts, especially those who are aypoalbuminemic and receive HYPERSTAT I.V. 
"injection and coumarin or its derivatives, may require reduction in dosage of the 
ER iccagulant (See Drug Interactioas). 
Precautions HYPERSTAT (diazoxide) LV. Injection is a potent antihypertensive agent 
requiring close monitoring of the patient's blood pressure at frequent intervals. 
administration may occasionaliv cause hypotension requiring treatment with 
‘sympathomimetic drugs. Therefore, adegua e facilities to treat such untoward 
reactions should be availabie wher HYPERSTAT iV. Injection is used. 
CHYPERSTAT EV. Injection should be administered only into a peripheral vein. 
ausethe alkalinity of the solution is irritating to tissue, extravascular een or 
eakage should be avoided; subcutaneous administration has produced inflammation 
rand pain without subsequent necrosis. if leakage into subcutaneous tissue occurs, 
“the area should be treated conservatively. 
ooy Maximal antihypertensive effects occur after rapid administration (within 30 sec- 
~-onds) nto the vein; a slower injection may fail to reduce blood pressure or produce a 
'very brief response. . sais 
(As withany potent antihypertensive agent, HYPERSTAT IV. Injection should be used 
with care in patients who have impairec cerebra! or cardiac circulation, that is, 
atients in whom abrupt and brief reductions in blood pressure might be detrimentai. 
Speciadtattention is required for patients with diabetes mellitus and those in whom 
tent on of salt and water may present serious problems (See Warnings). Nondiabetic 
tients may have a transient, reversible, and clinically insignificant increase in 
ood glucose following HYPERSTAT LV Injection. 

























; Sodium and water retention after repeated 
nts with- impaired cardiac reserve; hyper- 
ent in diabetic patients, especially after 


mg 





headache (sometimes throbbing), and sweating; orthostatic hypotension, light- 
headedness, and weakness of short duration; supraventricular tachycardia and 
palpitation; transient hyperglycemia in nondiabetic patients; transient retention of 
nitrogenous wastes; nonanginal “tightness in the chest"; warmth or pain along the 
injected vein; cellulitis without sloughing and/or phlebitis at the site of extravasa- 
tion; anorexia and alteration of taste; ileus; bradycardia; back pain; chest discomfort; 
dyspnea, choking sensation; apprehension or anxiety, malaise, and blurred vision 
occurred on single occasions; parotid swelling, salivation, lacrimation; ringing in 
the ears; diarrhea and constipation; increased nocturia; euphoria, 

Drug Interactions Since diazoxide is highly bound to serum protein, it may displace 
other substances or drugs which are also bound to protein, such as bilirubin or cou- 
marin and its derivatives. These potential interactions must be considered when 
administering HYPERSTAT LV. injection: The concomitant administration of diazoxide 
with thiazides or other commonly used potent diuretics may potentiate the hyper- 
glycemic, hyperuricemic, and antihypertensive effects of diazoxide. i 


Overdosage Overdosage of HYPERSTAT LV. Injection may cause an undesirable 
hypotension. Usually, this can be controlled with sympathomimetic agents, such as 
norepinephrine; failure of the blood pressure to rise in response to such an agent 
suggests that the hypotension may have been caused by something other than diaz- 
Ec Excessive hypergiycem:a resulting from overdosage will respond to 
conventional therapy of hyperglycemia. 

Diazoxide may be removed from the blood by peritoneal dialysis or hemodialysis. 
Animal Pharmacology and Toxicology In studies involving a number of species, 
including the rat, cat, dog, and monkey, diazoxide has been Shown to exert significant, 
antihypertensive actions through its direct effect on peripheral arterioles, which ©. 
neither impairs cardiac function nor seriously diminishes perfusion of kidneys. 

In addition, in each species tested, including the rat, dog, and monkey, diazoxide 
elicits hyperglycemia, increased serum-free fatty acids and decreased plasma insulin 
levels by a mechanism thought to involve both Suppression of insulin release and 
enhanced catecholamine action. : E 

Although the data are not conclusive, reproduction and teratology studies in... 
several species of animals indicate that diazoxide, when administered during the 
critica! period of embryo formation, may interfere with normal fetal development 

ssibly through altered glucose metabolism. Parturition was occasionally pro 

onged in animais treated at term. jw 
Dosage and Administration | HYPERSTAT IV. Injection is administered undilutedand: 
rapidly by intravenous Ty .Itshould only begiven into a peripheral vein. Do not” 
administer it intramuscularly, subcutaneously, or into body cavities, Avoid extrava: 
tion of the drug into subcutaneous tissues. à ess 

The response to HYPERSTAT t. V. Injection varies from patient to patient. Generally, ° 
blood pressure decreases within five minutes, often within one to two minutes, tothe. 
lowest level achieved. The blood pressure increases relatively rapidly in the next... 
ten to 30 minutes, and then more slowly over the following two to 12 hours, nearly . 
reaching but rarely exceeding the pretreatment level. The response to successive 
injections is frequently better than that to the initial injection. . SUR 

. Treatment of hypertensive emergencies with HYPERSTAT LV. Injection should be: 
limited to a few days and a regimen of oral antihypertensive medications should be . 
instituted as soon as possible. ` AA 

With the patient recumbent, the contents of one 20 ml. ampule containing 300 mg.. 
of HYPERSTAT I.V. Injection are administered intravenously in 30 seconds or less. 
Slow intravenous injection may fail to reduce the blood pressure or may produce an 
exceedingly short response. 

Specific dosage is required in children or in unusually large or small patients; 

This dosage may be calculated on the basis of 5 mg./kg. body weight (0.3 ml.7kg.) 
(See Warnings). 

A second administration of HYPERSTAT (diazoxide) I.V. Injection may be required” 
for a satisfactory reduction in blood pressure, if the first injection fails to give án. «^ 
adequate response within 30 minutes, 

Repeated administration of HYPERSTAT LV. Injection at intervals of four to 24 hours 
usually will maintain the blood pressure below pretreatment levels until a.regimen .: 
of oral antihypertensive medication becomes effective. The interval between injec- 
tions may be adjusted by the duration of the response to each injection. lt is usually 
unnecessary to continue treatment with HYPERSTAT LV. Injection for. more than 
four to five days. 

Following the use of HYPERSTAT IV. Injection, the blood pressure should be mon. 
itored closely until it has stabilized. Thereafter, measurements taken hourly during 
the balance of the effect will indicate any unusual response, A further decrease in - 
blood pressure at 30 minutes or more after injection should be investigated for ^ 
causes other than the action of HYPERSTAT LV. Injection, It is preferable that the 

atient remain recumbent for half an hour after injection. In ambulatory patients, the 
lood, pressure should be measured with the patient standing before surveillance is- 
ended. : dM MP 

Since repeated administration of HYPERSTAT LY. Injection can lead to sodium arid 
water retention, administration of a diuretic may be necessary both for maximal: <y 
blood pressurereduction and to avoid congestive failure. : anon. 
How Supplied | HYPERSTAT IV. Injection is supplied in a 20m. ampule containing 
diazoxide 300 mg. in a clear, colorless aqueous solution; box of one ampule, ^ 

Protect from light and freezing. 

Store away from heat. 
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20 mi. 
in 30 seconds or less 
for directaction . 








the heart of your electrocardiog 











diagnosis is made of paper 


Accurate interpretation of analytical data pre- 
sented by your electrocardiograph and subsequent 
proper diagnosis is manifested by the chart paper. 


If there's a chance the chart paper is lacking in 
quality or accuracy, an inaccurate recording may 
well be the result. 


NASHUA 


CORPORATION 





GUBELMAN CHART DIVISION 


Why take the chance. Specify the paper designed 
and produced expressly for the manufacturer of 
your instrument. The cost of total assurance 
simply isn’t worth the few pennies substitutes may 
save. 


This message was prepared in the interest of better. 
recording instrument performance by . . . 


The Instrument Manufacturers’ Chartmaker 


100 East Kinney St. - Newark, N.J. 07105 . (201) 589-5970 
3037 East Maria St. - Compton Calif. 90220 » (213) 537-4250 
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CardioBeeper* -PM pacer monitor are 
unlike any heart monitoring instruments 
now in use. They re five ounces, pocket- 
sized and relatively inexpensive. Yet 
they are unparalleled in electronic so- 
phistication. The CardioBeeper monitors 
are engineered to permit your coronary 
patient, within seconds, to telephonically 
transmit his heart rate and rhythm or 
ECG. And to allow your pacemaker 
patient to transmit pacemaker rate in 
terval and artifact, as well as confirma- 
tion of battery integrity and ventricular 
capture. At any time. From any conven- 
tional telephone. If indicated, you are 
then able to institute immediate, often 
life-sustaining action. 


Pacemaker tracing telephoned with 
CardioBeeper-PM 


ini 


Normal ECG tracing telephoned with 
CardioBeeper 

The CardioBeeper system is simple 
to use. Your patient need not undress. 
Or be bothered with paste, gels or straps. 
He simply places a reusable electrode 
in each bare armpit. And to transmit, 
he merely holds the Cardio Beeper 


monitor next to the mouthpiece of the 
phone while touching a button. Physician 
and patient stay in constant voice 
contact while sending and receiving. 


You can immediately receive the 

telephoned data as a series of audible 
beeps’ indicating each QRS complex 

or pacemaker spike. To receive a per 
manent record of ECG or pacemaker 
artifact, just connect a CardioBeeper” 
ECG Decoder to your telephone and to 
any conventional ECG machine. Or 
instead, connect a CardioBeeper" 
Decodalyzer to your phone to obtain a 
visual readout of heart rate or pace- 
maker rate in BPM, interval count in 
msec. or a direct ECG tracing for your 
records. 

In life-threatening emergencies 
or routine checks, no remote cardiac 
monitoring instruments available today 
at any cost can rival the revolutionary 
CardioBeeper system. For further 
information, simply contact your Wyeth 
representative or Wyeth Laboratories, 
Box 8299, Philadelphia, Pa. 19101. 


Manufactured for Wyeth Laboratories 
by Survival Technology, Inc. 


CardioBeeper-PM 


pacer monitor 


CardioBeeper 


heart monitor 


Wyeth Laboratories 


Survival Technology, Inc 





sential hypertension 
you use many 
atment modalities... 


Salt restriction Weight control 


Exercise - Antihypertensive 
medication 





In the effective, long-term management 
of hypertension, it’s often necessary to use a 
well-designed therapeutic regimen. For 
instance, you often do more than simply pre- 
scribe appropriate diuretics and hypotensive 
agents — you may also advise measures to 
counter the adverse effects of obesity, phys- 
ical inactivity and excessive sodium intake. 
Because emotional stress is a well-known 
aggravating factor in some hypertensive 
states, your overall therapeutic plan may well 
include control of psychic tension, too. 

While reassurance, counseling and other 
supportive techniques help some overly 
tense and anxious patients, a certain number 
may show only minimal response to these 
measures. For them, Valium (diazepam) can 
play an important adjunctive role in therapy. 
Its dependable calming action can provide 
prompt relief of the more distressing and 
overt symptoms of psychic tension — symp- 
toms that range from overconcern with 
bodily “aches” to irritability and emotional 


ability. Pronounced relief is often exper — — 


enced within the first few days of therapy 
with Valium (diazepam). Some patients, of 
course, may need more time before clear-cut 
improvement can be noted. 

A particular advantage of Valium ther- 
apy is the fact that Valium is used with most 
classes of primary medications such as 
cardiac glycosides, diuretics, vasodilators, 
antihypertensives and anticoagulants. 
(However, due care should be given to the 
pharmacology of the agents to be combined, 
especially compounds that may potentiate 
the action of Valium.) When tension-linked 
insomnia is a problem in the hypertensive 
patient, an h.s. dose of Valium added to the 
b.i.d. or t.i.d. regimen helps further relax the 
patient and thereby encourages restful sleep. 
Oral Valium is usually well tolerated. As with — 
all CNS-acting drugs, caution patients about | 
driving, engaging in hazardous occupations 
or the simultaneous ingestion of alcohol. 


And if psychic tension is a 
complicating factor 
you canuse this one... 






Valium (diazepam) 


2-mg, 5-mg, Io-mg scored tablets 


Before prescribing, see complete product information, a summary of which appears on the next page. 
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mpt and Effective Response 


h i5 are concomitarts of Sinotidnal factors; psy- 
tic: states manifested by tension, anxiety, 


ic relief of acute agitation, tremor, delirium 

id hallucinosis due to acute alcohol withdrawal; 
y in skeletal muscie spasm due to reflex spasm 
al ee erase caused by upper motor 


aindicated: Known "Rd diy to the drug. Chil- 
der 6 months of age. Acute narrow angle glau- 


; of seizures. s. Advise sinet simultaneous ingestion 
f alcohol and other CNS depressants. Withdrawal symp- 
ilar to those with barbiturates and alcohol) have 
urred following abrupt discontinuance (convulsions, 

: bdominal and musci A cramps, vomitingand 


(diazepam) 
2-mg, 5-mg, Io-mg scored tablets 





Predictable Pharmacokinetically 


Pharmacokinetic studies of Valium (diazepam) E 
demonstrate a highly predictable pattern of absorp- 
ton, distribution, metabolism and excretion. 


Flexible Dosage 


Available as scored tablets, Valium allows dosage to 
beeasily readjusted to suit patients' changing needs. 


potentiate its action. Usual precautions indicated in E 
patients severely depressed, or with latent depression, or. ^ 
with suicidal tendencies. Observe usual precautions in . 
impaired renal or hepatic function. Limit dosage to small-. 
est effective amount in elderly and debilitated to preclude 
ataxia or oversedation. 


Side Effects: Drowsiness, confusion, diplopia, hypotension, ; 
changes in libido, nausea, fatigue, depression, dysarthria, 
jaundice, skin rash, ataxia, constipation, headache, incon- 
tinence, changes in salivation, slurred speech, tremor, 
vertigo, urinary retention, blurred vision. Paradoxical reac- 
tions such as acute hyperexcited states, anxiety, hallucina- 
tions, increased muscle spasticity, insomnia, rage, sleep 
disturbances, stimulation have been reported; should 

these occur, discontinue drug. Isolated reports of neutro- 
penia, jaundice; periodic blood counts and liver function 
tests advisable during long-term therapy. 

Dosage: Individualize for maximum beneficial effect. 

Adults: Tension, anxiety and psychoneurotic states, 2 to 

10 mg b.i.d. to q.i.d.; alcoholism, 10 mgt id. or q.i.d. in 

first 24 hours, then 5 mg t.i.d. or q.i.d. as needed; adjunc- 
tively in skeletal muscle spasm, 2 to 10 mg t.i.d. or q.i.d.; 
adjunctively i in convulsive disorders, 2 to 10 mg b.i.d. to - 
q.i.d. Geriatric or debilitated patients: 2to2Y» mg, Lor 2. 
times daily initially, increasing as needed and tolerated, 
(See Precautions.) Children: 1 to 2V» mg t.i.d. or q.i.d. 
initially, increasing as needed and tolerated (not for use. 
under 6 months). 

Supplied: Valium? (diazepam) Tablets, 2 mg, 5 mg and. 
10 mg-—bottles of 100 and 500; Tel-E-Dose* packages of - 
100, available in trays of 4 reverse-numbered boxes of 25, 
anc in boxes containing 10 strips of 10; OR Paks 





of 50, available singly, and in trays of 10. 
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Over 4,500 Cardiac Implant Patients are 


PACING TO THE BEAT OFA 
SAFER DRUMMER 





THE CPI o LITHIUM-IODINE PULSE GENERATOR PROVIDES 
EXTRA SAFETY MARGINS FIVE WAYS. 


Longevity. Hermetically-sealed, solid-state 
lithium-iodine battery designed specifically 
for implanted prosthetics by Wilson- 
Greatbatch. No battery failures in over 27 
months of clinical studies. No catastrophic 
failure modes in over four years of testing. 


Reliability. Solid-state hybrid cir- 
cuitry permits simplified production 
and pre-testing of total circuits. 
Result: fewer failures to date—only 
one-half of 1% compared to an in- 
dustry average of 3% to 5%. 


Energy capacity. Power cell con- 
tains an excess of energy as a 
safety margin for the entire life of 
the unit. 


Elective replacement time. 
When pulse generator slows down 





6 ppm there is still a safety margin of time to 
schedule elective replacement with- 
out emergency. 


Triple hermeticseal. Battery,circuit and can 
individually hermetically sealed; provides a 
positive barrier against body fluids. 


Two plus years of clinical results 
available now. 

Ask for our physician's reference 
package. Clinical trials to date, 
test data, technical literature. Write 
on your letterhead or Rx. Or call. 
Medical Communications De- 
partment. 


Available in R wave inhibited demand and 
asynchronous models. Unipolar and bipolar. 
Accepts popular leads without adaptors 
24 HOUR TECHNICAL PROFESSIONAL CONSUL- 
TATION. 4 YEAR FULL WARRANTY. 


CARDIAC PACEMAKERS, INC. 


1140 RED FOX ROAD 
ST. PAUL, MINNESOTA 55112 U.S.A. 
i TELEPHONE (812) 483-6741 


® CABLE: CARDIAPACE, ST. PAUL/TELEX 29-7049 
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Bentley Trantec Sterile Disposable Dome. 


A major contribution to patient safety was made when the Bentley Trantec Pressure 
Transducer was introduced. Specifically, it incorporated the most effective electrical 
isolation available. L3 Now, Bentley Trantec introduces the sterile disposable dome 
with an isolating diaphragm An even higher degree of patient safety is achieved 
through the elimination of possible cross contamination. Domes come sterile- 
packed, to be quickly attached to the transducer, used, then discarded. Immediate 
and continuous use of the transducer is possible by simply changing the sterile 
dome — no further need fo: time consuming cleaning, wrapping, sterilizing and 
storing. © The Sterile Disposabie Dome. Another patient safety product from Bentley 
Trantec. Contact your Bentley representative or write for complete details. 


^E 
BENTLEY TRANTEC, INC. | | — 


17502 Armstrong Avenue * Irvine, California 92705 * (714) 556-4464 OS 
í Æ SUBSIDIARY OF BENTLEY LABORATORIES, INC. w j 


Not always. Mounting clinical 
evidence indicates that Central Venous 
Pressure is significantly affected by factors 
other than blood volume in the critically ill 
patient. Heart failure, chronic lung disease, 
pulmonary embolism, and acute myocardial 
infarction are specific examples. 

Accordingly, a growing number 

f physicians consider the measurement 

f pulmonary artery pressure and 
pulmonary wedge pressure essential 
for the management of patients with 
circulatory failure caused by volume 
depletion, cardiac failure, or peripheral 
circulatory failure. These critically important 
measurements are routinely taken using 
the SWAN-GANZ?^ Flow-Directed 


Does CVP reveal the patient's condition 


as it really is? 


Catheters from Edwards Laboratories. 
SWAN-GANZ® Catheter insertion 
is commonly performed at bedside without 
fluoroscopy. The soft, pliable catheter body 
incorporates an inflatable balloon which 
surrounds the catheter tip; the flow of 
blood against the inflated balloon facilitates 
pulmonary artery catheterization. 
Catheters are available for a wide 
variety of clinical applications including: 
pressure monitoring, temporary trans- 
venous pacing, and combined pressure 
and cardiac output determination, 
Scientific reprints and de- 
scriptive product literature may 
be obtained by writing Edwards 
Laboratories, Division of American 





Hospital Supply Corporation, 17221 Red 
Hill Avenue, RO. Box 11150, Santa Ana, 
CA 92711, 714/557-8910, Cable Address: 
EDSLAB, Telex: 68:5567. 


CI EDWARDS 
C_] LABORATORIES 
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Division of American Hospital Supply Corporation 
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classified the indication. s follow: 


“Possibly” effective: For! ong-tei 


i nce. therapy of chronic angina pect 
inibivos the art of medicine as well as its scienc marani al airone anani Ba 


E : frequency or eliminate anginal ep 
2 is : sodes, improve exercise tolerance 
more than a decade of clinical experience, reduce nirogiyceria rotil Eme 
pounding both science and art, Persantine has often drug is net intended to abort the a 


z3 i h anginal attack. 
found useful in the long-term management of chronic d 
Final classification of the less- 


a pectoris.* It may: effective indications requires furth 
i investigation. l 





or reduce the frequency of anginal attacks 


re ; CONTRAINDICATIONS—No specifi 
ve exercise tolerance contraindications are known. Does 





ni mi ^i di PRECAUTIONS--Since excessive doses 
educe nitroglycerin requirements produce peripheral vasodilation; 


should be used cautiously i in patie 
hypotension 
enough, long enough—The recommended dosage: ek scxonone id 
v A pom AAC es 1 
t.i.d. at least one hour before meals for several are minimal and transient at reco 
e dosages. Instances of headache 
nausea, flushing, weakness or 
mild gastrointestinal distress a 
nave been noted during therapy. 
of what appeared to be an aggra 
angina pectoris have been reported; üsi 
: at the initiation of therapy. On those ur 
ipy idamole mon occasions when adverse react 
E been persistent or intolerable, witht 
medication has been followed prompt 
cessation of undesirable: symptoms 


DOSAGE AND ADMINISTRA 

The recommended dosage 

(2 tablets) three times à 

one hour before meals. 

higher doses may be necessary but a 
nificantly increased incidence of: ide 
is associated with increased: dosage. 
ical response may not be evident b 
second or third month of continuous the 
For complete details, please see the fi 
prescribing information. 


Sater Ingelhei 
: P Boehringer Ingelheim Ltd. 
a series of paintings of Elmsford, N.Y. 10523 
art in the style of 
nown artists. 


..-in the styleof 
sse (1869-1954) - 


sse was one of the 

roup arid became a © 

af clearcolorsand bonne 
he closed surfaces, ^ 
of mostly pure colors : 
nplicity of com- 





WAX: WHAT IT DID 
FOR THE 


HONEYCOMB 
ITNOW DOESFOR ` 
POTASSIUM CHLORIDE. 


WARREN-TEED ANNOUNCES 


(potassium chloride) 


— Potassium chloride imbedded in a wax matrix 

to provide controlled release, thus minimizing possible 
high local concentration of potassium ion near the 
bowel wall. The newest idea in potassium 

chloride supplements is as old as the beehive. 

Wax... provides an effective vehicle to imbed KCI 





New Kaon-CL Tabs” 


(potassium chloride) a The controlled release 
prolong the release of KCI to minimize KCI Tablet that protects your 


the likelihood of producing high localized patients on diuretics or digitalis 
8 Wind of potassium within the G.I. tract... 


m against hypokalemia due to potassium depletion 


i the risk of ka- 
BITE your potienpvon me fte or ipia that cannot be adequately replaced by diet alone 


lemia or digitalis intoxication due to potassium 
depletion that diet alone cannot correct... m against the inconvenience of—and often 


SE confusion over— dilution of liquid supplements 
promote adherence to medication schedule E PP 


by relieving the patient of the inconvenience m from taste-fatigue associated with liquids 
of liquids... 

Dosage: Prophylactic: 20 mEq. daily (1 tob T.I.D.) 
Three-way convenience Therapeutic: 40-100 mEq. daily 


for your patients on KCI Supplements... See following page for brief summary. 
because there's no palatability problem 


because there's no dilution problem 
1 use toblets are physically easier to 
: E to take—than liquids... 


especially welcome advantage WARREN-TEED 


away from home—encouraging adherence PHARMACEUTICALS INCORPORATED 
e . . SUBSIDIARY OF ROHM AND HAAS COMPANY 
enia X g ME aE ET. ME. 






















































edited by WALMOR C. DE MELLO. 
A Volume in the CLINICAL ENGINEERING Series 
trated to achieve the desired clinical and laboratory effects. "Professor DeMello's intent in compiling this volume was to 
review ‘the most relevant topics’ in the field of cardiac’ 
purpose. The. prophylactic administration of potassium ion may be cellular physiology and biophysics, to ‘delineate new 

“indicated in patients receiving digitalis and diuretics for the treat- perspectives in the field,’ and to provide a ‘panoramic view for 
those who are beginning a career in the field He has 


-.dostéronism states with normai renal function, the nephrotic syn- succeeded to a great extent in accomplishing all three goals. ... . 
Conteaincications: CREAN PU piment are contraindicated in The book'is highty zecommended to all- students Gf cardiat 
9 id 3 2 > i o " M í i 1 ` 
patients with hyperkalemia since a further increase in serum potas- | cellular electrophysiology and biophysics both asa statement 


“sium ‘concentration in such patients can produce cardiac arrest. of where the field stands and an indication of work to come." 


Hyperkalemia. may complicate any of the following conditions: PH 5 MENT, / 
Chronic renal failure, systemic acidosis such as diabetic acidosis, AMERICAN SCIE IST, March/April 1974 
pee dehydration: -extensive tissue breakdown as in severe burns, This volume presents reviews—written by specialists in the: 
"X giuretie (e.g. ‘aplonclectons: iaunteroieh. Ira; potassiim-sparng field.—of the most salient aspects of heart cell electrophysiology 
Waxmatrix potassium chloride preparations have produced —including: electrical events in tissue culture; ultrastructure: o= 
esophageal ulceration in certain cardiac patients with esophageal i i imtercel! j ions; Í mem x 
compression due to enlarged left atrium. Potassium supplementa- aod se of tr ue macions, role o pe Eu 
ation, when indicated in such patients, should be with a liquid phosphotipids 1n cardiac eiectrogenesis; Mechanisms Of ce. 
v Greparetion. — si n i excitation and repolarization; membrane capacity; synaptic 
wi Warnings: in patients with impaired mechanisms for excreting po- ission: M oxcitAfion- i ine: 
tassium, the administration of potassium salts can produce hyper- SEGDSTHISSIOD, sealing and excitation contraction coupling; 
kalemia and cardiac arrest. This occurs most commonly in patients electrophysiology of the sinoatrial node and atrioventricular 
given potassium by the intravenous route but may also occur in node; active ionic transport; and comparative aspects of cardiac. 
patients given potassium orally. Potentially fatal hyperkalemia can electrogenesis pu 
develop rapidly and be asymptomatic. The use of potassium salts B : A 
in patients with chronic renal disease, or any other condition which 1972, 436 pp., $29.00/ £13.90 


|. dMpairs potassium excretion, requires particularly careful monitoring 
;Oof the. serum potassium concentration and appropriate dosage 
adjustment, 

-ocMypokalemia should not be treated by the concomitant adminis- 


"tration of potassium salts and a potassium-sparing diuretic (e.g., 3 
“spironolactone or triamterene) since the simultaneous administra- e. e EO 
tion of these agents can produce severe hyperkalemia. H i 
¿Potassium chloride tablets have produced stenotic and/or ulcera- i 

ve lesions of the small bowel and deaths. These lesions are 
‘caused by a high localized concentration of potassium ion in the 
region of a rapidly dissolving tablet, which injures the bowel wall 


‘ang thereby produces obstruction, hemorrhage, or perforation. : ; : 
(aon-CL Tabs. (potassium chloride) is a wax-matrix tablet formu- Proceedings of tbe Serono Foundation Symposium No. 3. 








D ateg fo provide a sonirosa rate of i of potassium phones 
I nd thus to minimize the possibility of a high local concentration o : - ; ; j 
otassium ion near the bowel wall. While the reported frequency of edited bp LUCIANO CAPRINO aad ENNIO C. ROSSI 
Malt- bowel lesions is much less with wax-matrix tablets (less than : j " . E SNR 
one per 100,000. patient-years) than with enteric coated potassium The purpose of this book is to bring together in one volume, 
chloride tablets (40-50 per 100,000 patient-years), a few cases asso- for the first time in four years, all the latest information, i 


¿ciated with, wax-matrix tablets have been reported, These data are : i : O . : : 
from foreign marketing experience. Kaon-CL Pabs should be discon- up-to-the-minute views, detailed descriptions and stimulating... 


; tinged immediately and the possibility of bowel obstruction or per- discussions of this multifaceted and important subject. 
> toration considered if severe vomiting, abdominal pain, distention, r R A E 
or gastrointestinal bleeding occurs. There are presentations by some leading investigators on 


;sHypokalemia in patients with metabolic acidosis should be treated the physiology and chemistry of platelet aggregation, the 








“with an alkalinizing potassium salt such as potassium bicarbonate, 4 . ;Shlhiel 
potassium citrate, pormesium acetate, or Goraasiumh gluconate. pharmacology of platelet aggregation inhibition and data on 
Precautions: The diagnosis of potassium depietion is ordinarily newly discovered inhibitors, the newer methodologic 
made by demonstrating hypokalemia in a patient with a clinical approaches to the study of platelet function, and the 
history suggesting some cause for potassium depletion. In inter- lationshi f platele 7 ` rete 1 h 
preting the serum potassium level, the physician should bear in relationship ot platelet aggregation to Ciinical states suc 
f nna that acute alkalosis par se can produce hypokalemia, in the as arteriosclerosis, hypertension and diabetes mellitus. 
absence of a deficit in total body potassium, while acute acidosis | 
-per.se can increase the serum potassium concentration into the — . 1974, 310 pp., $15.25/ £5.80 


^normal range even in the presence of a reduced total body potas- 
sium: The treatment of potassium depletion, particularly in the 


' "présence of cardiac disease, renal disease, or acidosis, requires . e : 
careful attention to acid-base balance and appropriate monitoring P : 
"ot:serum electrolytes, the electrocardiogram, and the clinical sta- d 


_tus-of the patient. 


co Adverse Reactions: The most common adverse reactions to oral : . 
potassium salts are nausea, vomiting, abdominal discomfort and T 
- diarrhea. These symptoms are due to irritation of the gastrointesti- y Theory & Practice 
.abtract-and are best managed by diluting the preparation further, 

“taking the dose with meals, or reducing the dose. 


The most severe adverse effects are hyperkalemia (see Contrain- ; ; 
:dications, Warnings and Overdosage) and gastrointestinal obstruc- edited by HARRY MILLER and 
“tion, bleeding or perforation (see Warnings). DONALD C. HARRISON 
‘` Overdosage: The administration of oral potassium salts to persons ; 
-with normal excretory mechanisms for potassium rarely causes seri- Based on a symposium held at Stanford in late 1973, this. 


ous ‘hyperkalemia. However, if excretory mechanisms are impaired 


^or-if potassium is administered too rapidly intravenously, poten- volume covers virtually all phases of biomedical electrode 


tially fatal hyperkalemia can résult (see Contraindications and technology, from body tissue characteristics to how. physicians. 

MEE M e Maced De PUE Med deu can interpret and use electrode-derived data: It is a compilation 
i i ^ : BIA : : 

potassium concentration. and characteristic electrocardiographic of the major advances in research, clinical and space flight 

changes. {peaking of T-waves, loss of P-wave, depression of S-T applications made during the past ten years. 

‘segment, and prolongation ef the- OT interval). Late manifestations 1974, 46 19.59} £9.3 : 

include muscle-paralysis and cardiovascular collapse from cardiac 974, 460 pp., $19.50/ £9.35 


“arrest. 
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pressive 
lesive and the gel —— 
liner cup provide up to 
en days of reliable 
nitoring. 


depend on the American Long Term 
monitoring electrode system? 


Gel cup maintains a stable col- 

umn of electrolyte. Motion arti- 

fact is reduced; adhesion loss 

due to gel squeeze out is elimi- 
" 


nated. 


Gel pad is saturated with the 
proper amount and type of low 
impedance gel to deliver im- 
mediate base line stability and 
continued high performance. 


dvanced cab 


pen cell foam contributes to 
gh levels of patient comfort. 


This is the system that has established 
aew standards for high performance in 
ong term ECG monitoring. 


Designed for single patient use, the 
ielf-adhering silver/silver chloride 
‘lectrode is pregelled with the correct 
umount of proper electrolyte. Adhe- 
iion loss and electrolyte evaporation 
ire virtually eliminated by the gel re- 
‘ining cup. The results: Immediate 
pase line stability and better long term 
derformance than any other electrode 
—reusable or disposable—is capable 
»f delivering. 






sign provide a low note 
life system. 


Open cell foam complements the elec- 
trode's mild gel formulation and low 
profile to enhance patient comfort. 
When used as directed, American's 
Long Term Electrode provides from 
five to seven days of continuous, accu- 
rate monitoring . . . with no discomfort 
to the patient. 


This advanced electrode, used with the 
appropriate American leadwire and 
cable, is fully compatible with your 
present ECG equipment. 


A clinical trial will show you why the 
American Long Term Electrode system 
is the overwhelming choice of ICU/ 
CCU’s throughout the country. 


IMERICAN voserat surety 
























Fully shielded patient cables 
are available for most brands of 
ECG monitoring equipment. 


Please contact your American Hospital 
Supply or NDM representative 

and ask for: 

= A demonstration of the system's 
benefits. 

* A no obligation clinical trial. Ameri- 
can will supply electrodes, leadwires 
and cables to adapt to your present 
monitoring equipment during the trial 
period. 

* A total inservice for your staff. 


= Information about our nationwide 
technical support program. 
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elation of Intraoperative or Early Postoperative Transmural 
Myocardial Infarction to Patency of Aortocoronary | à 
E oss Grafts and to Diseased Ungrafted Coronary Arteries 








































SE. L? ASSAD-MORELL, MD Serial preoperative and postoperative electrocardiograms a ar 
SRT L. FRYE, MD, FACC cardiograms were obtained in 500 patients undergoing sa 
ANIEL C. CONNOLLY, MD, FACC aortocoronary artery bypass graft surgery. Evidence o 
GERALD T. GAU, MD, FACC myocardial infarction was found early postoperatively in 
DOMALD. aon ST. MD (13 percent). Age and sex distributions, number of vessels dis 
vessels grafted, and preoperative and postoperative New Yor 
Association functional classification (mean follow-up, 26 mont 
not differ in the groups with and without infarction. Increased 
of cardiopulmonary bypass time (more than 120 minutes) was 
| E f greater in the group with infarction (P <0.05). Multivariate an 
Rochester, Minnesota vealed that 60 percent of patients in the group with infarct 
identified by a 1st day serum glutamic oxaloacetic transamin: 
greater than 100 U/liter; however, for each such pati 
there was approximately one false positive result. Use of o 
(creatine phosphokinase, cardiopulmonary bypass time an 
oxic rest time) did not improve discrimination. 
Twenty-five percent of all transmural infarctions occurret 
zone of myocardium supplied by a diseased ungrafted arte 
tients with early evidence of transmural myocardial infarctio 
of myocardium supplied by a grafted artery, postoperative 
showed as many with patent as with occluded grafts. ot 
in the group without infarction who had early postoperative gr 
grams, 30 (19 percent) had cne graft occluded and yet noe! 
transmural infarction by our criteria. Therefore, early post: 
idence of transmural myocardial infarction as defined in this 
unreliable indicator of the status of the graft supplying the zone 0 
farction. 





LILA R. ELVEBACK, PhD 
... GORDON K. DANIELSON, MD, FACC 





















s The first descriptions of the clinical application: of sapi 
the Mayo Clinic and Mayo Foundation, bypass graft surgery to patients with coronary artery dis 
a Minn. Manuscri t accepted October ^ published in 1968 by Favaloro! and in 1969 by Johnson 
déress for reprints: Jose L. Asad Morell, Lo dence of transmural myocardial infarction has been es 
“postoperatively in between 6 and 40 percent 


o. Section of Publications, Mayo. Clinic, i BBE 
tSt. sw, Roches Minn. 55903. — -u nary artery vein riet gait su 



























Group With 
Infarction 


Group Without 
Infarction 







































CPK (no. = 48) (no. — 349) 
(U/liter)t no. 95 no. 95 
21,000 27 56 18 5 

< «1,000 2 4 14 4 
21,000 2 4 31 9 
<1,000 17 36 286 82 





I values, «24 U/liter. 
1, values: male subjects «71 U/liter; female subjects 








Group 
Group With Without 
infarction infarction 
(no. = 67) (no. = 433) 
istribution (95) 
ie 93 91 
7 9 
2 0 
2 4 
30 33 
49 43 
15 19 
2 1 
8 15 
HEAR TV 92 85 
Postoperative 
Pap. 85 87 
MA IV 15 13 





lew York Heart Association. 


udy was designed (1) to examine the incidence of 
tran mural myocardial infarction within the first 3 

er aortocoronary artery bypass surgery; (2) 
: 'ompe the courses of patients with and without 
dy. postoperative transmural myocardial infarc- 
ion establish the site of transmural myocar- 
dial infarction and its relation to the zone of myocar- 

am. s ied a grafted artery and by diseased 









oe 
me 






"who underwent. saphenous vein bypass grafting from 1969. 


‘cent reduction in diameter of the involved vessel. Grading 


2: astoperative electrocardio- . 1 
Lorcardiogram of 500 consecutive patients ^. 





through 1972 were analyzed. The mean age of the 456 men i 
and 44 women was 52 years (range 24 to 70). E 
The electrocardiograms and vectorcardiograms were ob- 
tained simultaneously, as previously described by Smith — 
and Hyde,!*!5 on the day before operation, on the 1st, 3rd 
and 5th postoperative days and on the day before discharge 
from the hospital. However, when infarction was suspected, = 
tracings were obtained daily. In this paper, for simplicity, ae 
the term “early postoperative transmural myocardial in- 
farction” will be used to describe these cases, although it. 
should be understood that the infarction may have oc- 
curred intraoperatively or in the immediate postoperative 
period. In other words, “early postoperative” refers to the 
time of detection of the first electrocardiographic or vector- 
cardiographic evidence of infarction. The electrocardio- |. 
graphic criteria were designed so that only development of... 
new pathologic Q waves was accepted as evidence of acute. 
infarction. The Q wave criteria used to evaluate the electro- 
cardiograms were essentially class I-1 and 1-2 of the Minne- — . 
sota code reported. by Blackburn et al!6 ST-T wave 
changes, regardless of characteristies, were not accepted as 
evidence of infarction in the absence of new Q waves. In 
every case, a simultaneous comparative vectorcardiograph- 
ic study was performed utilizing the vectorcardiographic 
criteria previously described by McConahay et al!" The 
electrocardiograms and vectorcardiograms were evaluated 
independently by three cardiologists. If all three did not 
agree, the patient was excluded from the group with infarc- 
tion. Patients were included in this group if they had either 
electrocardiographic or vectorcardiographic evidence of in- 
farction. E 
In 397 patients, blood was drawn for serial postoperative 
determinations (fluorometric AutoAnalyzer method) of 
serum glutamic oxaloacetic transaminase (SGOT) and cre- 
atine phosphokinase (CPK) values on the 1st, 2nd and 3rd ^^ 
days after operation. Of these 397 patients, 48 had electro- 
cardiographic evidence of postoperative transmural myo- 
cardial infarction. E 
Preoperative coronary arteriography was performed. 
with selective injection of meglumine diatrizoate (Reno- 
grafin-76®) into the coronary arteries by the Sones and... 
Shirey technique,!? with left ventriculography usually pre- 
ceding the coronary arteriogram. Lesions were considered 
to be significantly obstructive if there was at least 50 per- 































of the extent of coronary disease, as described by Saltups et 
al.*® (five vessel disease scale), was based on the site of a 
significant obstruction as follows: proximal left anterior de 
scending or left circumflex coronary artery, grade 2; distal 
to the origin of a diagonal or marginal branch, grade | 
right coronary artery, grade 1; left main coronary arte 
grade 4; and left main and right coronary arteries or pr 
mai left anterior descending, left circumflex and right coro- 
nary arteries, grade 5. In 42 of the patients with early post- 
operative transmural myocardial infarction and 154 pa 
tients in the group without infarction, postoperative angi- 
ography of the vein grafts was performed; depending on the 
findings, selective c coronary arte ograp 'was-or was ne 
performed. = 
Ti : 
















25 ml/kg body weight). Short intervals of car- ` 


ling were used prior to interrupting blood flow 
the. cotonary arteries during creation of the distal 
i0ses. Arteries greater than 1 mm in internal diame- 
determined by calibrated probes were considered 
ble for grafting, and anastomoses were made without 
aid of optical magnification. 
m the basis of pathologic studies by James?! of the ex- 
cted arterial supply to the various areas of the left ven- 
tricular myocardium, a correlative study was made of the 
ite of the transmural infarction in relation to the zone of 
myocardium supplied by the grafted vessels or by diseased 
igrafted vessels. When a reversed saphenous vein graft 
interposed between the aorta and diseased coronary 
ry, this was taken as the grafted system; the ungrafted 
tem included the diseased arteries (greater than 50 per- 
nt occlusion) into which grafts had not been placed. 
Autopsy data on 10 patients who died within 30 days 
r operation were reviewed to assess the distribution of 
ute transmural myocardial infarctions and their relation 
to the status of the grafted and ungrafted systems. 
-: The long-term follow-up period for the entire group of 
patients was 16 to 52 months (mean 26 months), and the 
an duration of follow-up was the same in the groups 
ith and without infarction. 
Ninety-one other patients who had saphenous vein by- 
; graft surgery during the 4 year study period were not 
led in this analysis because they also underwent other 
iovascular surgical procedures during the same period 
'anesthesia. 


Results 


Incidence: Postoperative transmural infarction 
occurred within the first 3 weeks after operation in 67 
patients (13 percent). Six patients with transient 
electrocardiographic changes (transitory abnormal Q 
waves or QS complexes) simulating myocardial in- 
farction were not included in the group with infarc- 
tion. The incidence of transmural infarction de- 

eased from 20 percent in 1970 to 11 percent in 1972. 

Serum enzymes: Multivariate analysis by the 

iethod published by the BMD, Biomedical Comput- 

+ Programs,?? was performed in an attempt to dis- 

iminate between the groups with and without post- 
operative transmural infarction. Results indicated 

t SGOT and CPK concentrations on the 1st post- 
operative day were of substantial discriminatory 
value. However, the separation provided by SGOT 
values alone was not significantly improved by the 
addition of CPK values. Use of other variables (car- 
diopulmonary bypass time and total anoxic cardiac 
arrest time) did not improve discrimination. When 
SGOT values greater than 100 U/liter on the ist 
postoperative day were considered, 60 percent (29 
patients) of the group with infarction were correctly 
ified, as were 91 percent (317 patients) of those 
ithout infarction (Table I). Looking at the data a 
ent way, one finds that among the 61 patients of 

1e entire group with SGOT values greater than 100 

iter, only 48 percent (29 patients) had postopera- 
-electrocardiographie evidence of transmural 


yocardial i infarction. Serum enzyme levels on the I4 


Distribution of Diseased Vessels. and Thos 
- Grafts in Groups With and Without Infarction _ us 


Group With. 
infarction = 
Vessels (no.) - 6, 





no. of diseased vessels (96) 


no. of grafted vessels (96) 


4» Qo PO f D. o s co m9 


TABLE IV 


Distribution of Cardiopulmonary Bypass Times in Groups 
With and Without Infarction VEU 





Distribution eo 


Group With 
Infarction 
Pump Time (min) (no. = 67) 
0-29 
30-59 
60-89 
90-119 
120-159 
160-179 
180-199 
> 200 


discrimination. l 
Clinical and angiographic protiis 

tive analysis of the clinical and angiogr 

of the groups with and without infarction re 

statistically significant difference in age or | 

bution, preoperative functional class or thi 

of vessels diseased or receiving grafts (Tab. 8 

III). The duration of cardiopulmonary | 

120 minutes or greater in 44 percent of t 

with infarction and in 27 percent of the group 

out infarction (Table IV). Although suggesting tha 

duration of cardiopulmonary bypass may be re 

to the frequency of postoperative transmural 

tion, this difference was of borderline statis 

nificance (5 percent level). However, the di 

may be related to technical problems with 

a vessel adequate for bypass grafting. or 

for prolonged. assisted circulation in so 


| who bad: a myocardial infarction. during o 
































































i Infarction site: Vessel Grafted and Status of 
32 "atients Who Had Early Postoperative Graft 











Graft Status 

(no. patients) 

Site Vessel Grafted Patent — Occluded 

-Anteroseptal LAD 4 4 
Lateral wall LCx 2 3 
Lateral wall LAD, LCx 0 1 
^ Anterolateral LAD, LCx 1 2 
Inferior wall RCA 4 6 
Inferior wall LAD, LCx* 2 0 
Antero-inferior LAD, RCA 2 0 
d nfgre-apical RCA, LCx 1 0 








a No: right coronary artery disease; left circumflex artery 
ti$é-to posterior descending branch. 
LAD = left anterior descending artery; LCx = left circumflex 
tery; RCA = right coronary artery. 


Mortality: Of the 67 patients who had an acute 
ansmural myocardial infarction, 57 (85 percent) 
d. However, 10 patients (63 percent) of those 
ed early after operation had anatomic evidence 
te myocardial infarction; 9 of these 10 died 
hin the 1st week after the vein bypass operation. 
Other hand, there was no detectable differ- 
n the postoperative functional classification 
) or incidence of late infarction or late death 
n the groups with and without infarction 
follow-up period 26 months). 
ncidence of preoperative infarction: The only 
icant difference between the two groups was 
dn the prevalence of preoperative transmural 
ardial infarction. Among the 67 patients with 
toperative transmural infarction, only 19 percent 
had preoperative evidence of infarction, whereas of 
33 patients without postoperative transmural 
ocardial infarction, 49 percent had preoperative 
arction. Therefore, by our criteria, patients who 
a transmural myocardial infarction before opera- 
were less likely to have an infarction in the early 
postoperative period. 
ite of infarction, grafted vessels and status of 
rafts: Of the 67 patients with early postoperative 
ansmural myocardial infarction, 17 patients (25 
ercent) (9 with occluded vessels and 8 with stenosis 
of more than 75 percent) had evidence of the infarc- 
tion in the zone of myocardium supplied by the dis- 
eased ungrafted system. Forty- -seven (70 percent) of 
the 67 had such evidence in the zone supplied by the 
grafted system; 32 of these 47 had undergone graft 
ang graphy early postoperatively without complica- 
"Table V shows the relation of the infarcted 
-to the grafted vessels and the status of the 
s in these 32 patients. Note that 16 of these 32 
ts had patent grafts anc 16 had at least one oc- 
d nn supplying. the infarcted a area. Of the 







































by diseased n ngrafted. coronary arteries, 10 had cor- 
onary arteriography in the early postoperative peri- 
od; in 5 the grafts were patent and in 5 the grafts 
were occluded. 

Three patients (5 percent) had a an iéferior wall in- 


farction after bypass grafting of the left anterior de- .. 


scending coronary artery. In these patients the right: 
and left circumflex coronary arteries were normal. In 
one, the anterior descending artery extended around © 


the apex to form a portion of the circulation to the: . 
inferior wall; in the other two, it terminated at the "E 
apex. The explanation for the development of infarc- ^ — 


tion in the latter two cases is unclear to us. 


Postmortem findings: Among the 16 patients who . : 
died in the early postoperative period, 14 had post- 


mortem studies and 10 (71 percent) showed anatomic 
evidence of acute myocardial infarction. In the 10 pa- 


tients who died from acute transmural myocardial in= . 


farction and who had postmortem studies, 60 percent 
of the transmural infarctions occurred in myocardial 
zones other than those supplied by obstructed graft 
systems (Table VI). Five of these 14 patients had evi- 
dence of acute myocardial infarction by postopera- 
tive electrocardiographic and vectorcardiographic 
criteria and the infarction was confirmed anatomical. 


ly in these 5. On the other hand, of the nine patients. E 


without electrocardiographic evidence of myocardial. 
infarction, five had acute myocardial infarction ana-- 
tomically. There were no false positive diagnoses b 
our electrocardiographic and vectorcardiographic cri 
teria. 

Infarction and graft pateney: To analyze the: 
graft patency during the first 3 weeks after operation. 


in the group without infarction, the postoperative n 


graft angiograms of 154 patients were reviewed. Of 
these patients, 7 had early occlusion of their only. 
graft, 13 had two grafts of which one was occluded, 
and 10 had three grafts of which one was occluded. 
Therefore, 19 percent of this group of patients had 
one graft occluded and yet no evidence of transmural 


infarction was detected by our criteria. As shown in... 
Table VII, the frequency of graft occlusions was . 


greater in the group with transmural infarction. 
However, although a much larger percentage of the 
32 patients with transmural infarction in the zone 
supplied by a grafted vessel had at least one occluded 


graft, half of the 32 infarcted areas were supplied by : x: 


patent grafts. 


Discussion d 
In this series of aortocoronary artery bypass.graft 


operations, the incidence of transmural myocardial — . 
infarction was 13 percent. Even though 63 percent. obo 


the patients who died in the early postoperative peri- 


od had anatomic evidence of acute myocardial infarc- 

tion, those patients who survived the acute mycar 
dial infarction in the early postoperative period hada 
ea hospital course that, 


was not significantly different 











lial zones supplied IR 


















ry of Postmortem Findings in 10 Patients Who Died from Acute Transmural Myocardial Infarction 


Site of Infarction Grafted Vessels 


Status of Grafts 
(no. patients) 


Patent — Occluded 





Diseased Ungrafted 


Graft System Patent 





Left ventricle* 
Posteroseptal 


2 
2 





Graft System Obstructed 





Anteroseptal 
Lateral 
Posterior 


Left ventricle$ LAD, LCx, RCA|| 


RCA 
0 

0 
LCx 





Ungrafted System Diseased 





Anterior RCA 
Anterior RCA 
Lateral LAD 
Anterior RCA 


1 E 
LMCA, LAD, LC: 


1 
0 LCx,|| RCA’ 
1 LAD, LCx 


lassive, involving anterior, basal, lateral, apical and superior portions. 


' Dominant system, giving rise to posterior descending branch. 


.Endarterectomized and open. 


Massive, involving anterior, septal, posterior and lateral portions. 


|| Posterior descending. 


“LMCA = left main coronary artery; other abbreviations as in Table V. 


nce in postoperative New York Heart Association 
unctional classification, incidence of late infarction 

or incidence of late death between the two groups. 
-It is possible that unmasking of an old inferior wall 
infarction, as described by Bassan et al.,?? could rep- 
sent an example of false positive diagnosis of acute 
'arction and therefore explain the benign course of 
ome patients with electrocardiographic criteria of 
stoperative transmural infarction. In fact, we were 
ble to locate old electrocardiograms that showed Q 
vaves diagnostic of inferior wall infarction in five pa- 
nts in our group with infarction. The Q waves had 
ppeared in the ensuing years and reappeared im- 
ediately after aortocoronary bypass surgery (these 
atients also had hypokinesia or akinesia of inferior 
wall segments in the preoperative left ventricular an- 

_ giogram). 

Coronary arterial reperfusion has been advocated 
recently as a direct method of preserving myocardial 
]s.24-27 However, other investigators?9-?? have re- 
‘ted conflicting results when reperfusion has been 
rried out 1 to 5 hours after acute coronary occlu- 
on. If reperfusion improves the viability of myocar- 
al tissue within the Ist hour after myocardial in- 
tion, it may be that some of the patients with in- 
traoperative infarction in the myocardial zone sup- 


ied by a patent graft, as shown in our series, could . 
also fare better postoperatively as a result of a reper- . 


sion effect. 


TABLE VII 
Results of Postoperative Graft Angiography 


Group With 
Infarction* 


Patients (no.) 
Grafts (no.) 
96 of grafts occluded 
96 of patients with at 
least one occluded 
graft 


* Infarction in zones supplied by grafted system: n 


We did not include in our group with infar 
patients who had transient electrocardi 
changes simulating myocardial infarction 
demonstrated?! that transient abnormal Q wa 
frequently caused by temporary alterations 
lar electrical activity and not by irreversible 
of myocardial cells. Selective ischemia and 
the ventricular myocardium,;?? localized met 
disturbances and electrolyte imbalance,” 
thermia®‘ and cardiopulmonary bypass?! a 
the underlying factors that could play a ro. 


-development of these transient electrocar 


is likely that our report underesti 































































king evidence of infarction, as shown by the false 
negative results when this analysis was correlated 
with the postmortem findings. 
.In our study, the only statistically significant dif- 
ference between the two patient groups in preopera- 
ye or intraoperative variables was observed in the 
idence of preoperative electrocardiographic evi- 
dence of transmural myocardial infarction. By our 
eria, patients who had electrocardiographic evi- 
ence of transmural myocardial infarction before op- 
tion were less likely to have an infarction after op- 
ation; however, this difference may have been due 
the problem of electrocardiographic recognition of 
myocardial infarction when there has been a 
evious infarction. 

urthermore, our analysis regarding the usefulness 
SGOT and CPK values in the diagnosis of 
mural infarction indicates the urgent need for 
ensitive means of detecting infarction—only 
jercent of patients with transmural infarction 
e identified by the criterion of a 1st day SGOT 
greater than 100 U/liter. Furthermore, for each 
.'With transmural infarction identified, there 
ipproximately one false positive result. Similar 
; have appeared in the last few years.35-38 It is 
that more sensitive means of detecting postop- 
| acute myocardial infarction, such as the de- 
and quantitation cf isoenzymes, especially the 
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One hundred twelve patients undergoing aortocoronary bypass—35 
with diabetes of adult onset and 77 without diabetes—were studied to. 
determine whether diabetic patients have additional operative risks 
and greater operative mortality and whether their coronary disease dif- : 
fers from that of nondiabetic patients. Among the diabetic patients. : d 
there was a greater prevalence of preoperative unstable angina, prior _ 
myocardial infarction and class IV functional disability (New York .— 
Heart Association criteria). The major coronary arteries angiographi- > 
cally and at operation appeared similar in both groups. The blood flow =< 
rates measured in aortocoronary bypass vein grafts were similar in : 
both groups, raising doubt about the presence of microvascular dis- 
ease in the myocardium of the diabetic patient. Preliminary follow-up 
results demonstrated relief of anginal symptoms in 76 percent of dia- 
betic and 78 percent of nondiabetic patients. The operative mortality 
rate of 9 percerit in diabetic and 4 percent in nondiabetic patients oc- 
curred among the first 40 patients in the series; no patient in either 
group has died in the immediate postoperative period during the last 18 
months of the study. 

Aortocoronary bypass should be recommended to diabetic patients 
with symptomatic coronary arteriosclerosis using the same criteria for 
‘operability applied to the nondiabetic population. 











Arteriosclerotic disease is assumed to be more advanced and more 
diffuse for a given age in the diabetic than in the nondiabetic. wu 
subject!?; consequently some cardiologists have been reluctant to _ 
recommend aortocoronary bypass surgery to their diabetic patients. 
The ability to improve myocardial perfusion with a bypass graft in - 
patients with proximal obstruction of the main coronary arteries de- ae 
pends upon the presence of a distal lumen of adequate size for the 
graft anastomosis (usually greater than 1 mm) and of a suitable distal. 
vascular bed that will permit rapid blood flow through the vein graft. — . 
Although diabetic patients have been demonstrated to have microan- © 
giopathy of the vascular bed of the limbs,?-5 there is no evidence that 
this condition exists in the myocardium. CAES 
A review of our experience with coronary bypass surgery disclosed. 
a large number of diabetic patients (31 percent) among those referred 
to our center for myocardial revascularization. To examine whether 
diabetic patients can benefit from coronary revascularization, and us 
whether their diabetes imposes an additional operative risk, we insti- . P 
tuted. a study of 112 consecutive patients to compare preoperative ^ 








_ Symptoms and angiographic findings, postoperative bypass graft flow _ i 












rates and operative morbidity and mortality in diabetic versus nondi- 















parison of Coronary Disease Risk Factors in Two Groups : 
nts Undergoing Aortocoronary Bypass 





Percent of Patients 





Non- 
diabetic 
(no. — 77) 


Diabetic 


Risk Factor (no. = 35) 





Elévated triglycerides 80 59 
Obesity 63 44 
Family history of heart disease 69 73 
"Smoking 66 66 
"Hypertension 57 53 
-Elevated serum cholesterol 26 45 





White Memorial Medical Center during the 2 1/2 year peri- 
| from January 1971 to July 1973 were reviewed. Patients 
th resection of a left ventricular aneurysm, valve replace- 
ent or emergency procedures were excluded. There were 

ondiabetic patients with an average age of 55 years and 

atients with diabetes of adult onset with an average age 

9 years. Of the 35 diabetic patients, 27 had been treated 

or diabetes for 1 to 40 years (mean 10 years), and 8 were 

und to have diabetes mellitus during diagnostic studies 

r angina pectoris. The sex distribution was identical in 
th groups. Medically unrelieved angina with proximal 
onary arterial stenosis and good distal runoff has been 

e only indication for elective aortocoronary bypass in our 
group of patients, diabetic and nondiabetic. 

“ The diagnosis of diabetes mellitus in this study was es- 
tablished on the basis of history, positive glucose tolerance 
test or two preoperative fasting or random blood glucose 
values greater than 140 mg/100 ml. In several cases with 
‘questionable findings the patients were not diagnosed as 
having diabetes, but their condition may have been predia- 

etic. 

‘Coronary disease risk factors were studied in both 
roups (Table I). Elevated triglyceride values (greater than 
90 mg/100 ml) and obesity were more prevalent in the dia- 

betic than in the nondiabetic patient. More than half of 
each group had hypertension (systolic pressure greater 
han 140 mm Hg). 

The preoperative cardiac findings are shown in Table II. 

The diabetic patients had a greater prevalence of preopera- 

tive myocardial infarction, and 20 percent had unstable an- 

sina pectoris compared with 3 percent of nondiabetic pa- 
tients. The resting left ventricular end-diastolic pressure 

.. averaged 9 mm Hg (range 5 to 20) in both groups. 

“The preoperative coronary angiographic findings are 

shown in Table III. The data demonstrate no appreciable 

difference between the two groups in distribution of dis- 
ase or degree of vessel involvement. 

ouble aortocoronary bypass grafts were performed in 

0 percent of the diabetic and 49 percent of the nondia- 
betic patients, and triple grafts were placed in 26 percent of 
iabetic and 17 percent of nondiabetic patients. Single 
fts were performed in 34 percent of both groups and in 


majority of ‘cases were performed early in the series. — 
ere was an average of 1.8 grafts per patient in each 
up. The technique of perfusion and duration of cardio —— 


Imonary bypass were similar in the two groups. ——— 





TABLE M. — — 
- Preoperative Cardiac Findings* 


Prior myocardial infarction 
Left ventricular hypertrophy 
Left ventricular dyskinesia 
Functional class IV 
(New York Heart Association criteria) 
Unstable angina 
Congestive heart failure 
Mitral valve incompetence 


*Both groups had a mean resting left ventricular 
stolic pressure of 9 mm Hg. : 


TABLE III 
Coronary Angiographic Findings 


Major branch stenosis of 
8095 or more 
Right coronary artery 
Left anterior descending artery 
Left circumflex artery 
Left main coronary artery 


Number of vessels involved 
One 
Two 
Three 
Four 


Results 


Graft flow rates: Aortocoronary bypass 
flow rates were measured at the conclusio 
tion in 51 of the 62 grafts in diabetic pa 
121 of 138 grafts in nondiabetic patien! 
demonstrates that the mean flow rates : 
tially the same in the two patient groups. _ 

Complications and mortality: Thes 
listed in Table IV. Sternal wound complic 
curred in 4 of 35 diabetic patients (11 perce 
2 of 77 nondiabetic patients (3 percent). The 
postoperative hospital stay was 16 days in i he 
ic group versus 13 days in the nondiabe 
'Three deaths in the nondiabetic group wei 
myocardial infarction. A death from a cereb 
lar accident, another from cardiac failure 
death from a pulmonary embolism occurr 
abetic patients. In addition, a diabetic. 


- during the induction of anesthesia. | 


-of this patient, the overall opera 
te was 9 percent in the diabetic group an 
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4. Mean coronary bypass flow rates in diabetic (solid bars) 
ndiabetic (hatched bars) patients. 





the nondiabetic group. Sudden death proba- 
to an arrhythmia occurred in a diabetic pa- 
nths after operation. 
-up: We have not carried out an extensive 
as yet. A preliminary review of 75 percent 
fice charts in July 1974 shows no angina pec- 
76 percent of the diabetic patients and 78 
of the nondiabetic patients. Seven percent of 
yatients have had recurrence of angina, and 
nt have had a new myocardial infarction. Six- 
en percent of the nondiabetic patients have had re- 
nce of angina, and 2 percent have had a new 
yocar al infarction. 





Discussion 


he United States there are approximately 2 
patients known to have diabetes and proba- 
an equal number of undiagnosed cases of diabe- 
.2 In a study of factors influencing the 10 year sur- 
f 370-diabetic patients, a 25.4 percent mortali- 
e was found during this time span compared 
‘percent in a comparable control group.! Cor- 
‘tery disease was the major cause of death in 
abetic patient and occurred with three times 
ency as in the nondiabetic control group. 
riosclerosis is more diffuse and advanced for a 
n age in the diabetic than in the nondiabetic pa- 
is been suggested? that the duration of dia- 
ded to the patente vrina age to as- 
























<- higher percentage of the diabetic group. 


bypass in diabetic patients’ vei 
found to be 5 54 ml 3 






: Number of Patients 
] Diabetic: 





Complications 














^ Nondiabetic 

Myocardial infarction hri 9() 
Cerebrovascular accident 2) 9 
Congestive failure 10) 1: 
Pulmonary embolism 1(1) 2 
Excessive bleeding 4 K 
Ventricular arrhythmias 3 Ij 
Sternal wound complication 4 2 
Renal shutdown, dialysis 1 0 
Average postoperative 

hospital stay (days) 16 13 
Mortality rate (%) 9 4 








* Deaths in parentheses. 


The implications of these known vascular effects of s 
diabetes have discouraged some cardiologists, inter- — 
nists and surgeons from recommending aortocoro- .. 
nary bypass to diabetic patients with severe angina. 
Patients with diabetes and angina have been allowed 
io manifest more severe symptoms than other pa- 
tients before myocardial revascularization is consid- 
ered. However, our study found no major differences _ 
in angiographic appearance of coronary vessels. 
blood flow achieved in the grafted vessels of patien 
with and without diabetes. Since the mean age was 
similar in both groups, one would expect a greater 
preponderance of triple vessel disease and a poore 
distal arterial bed in the diabetic patient. Since thi 
was not our finding, it is possible that other diabetic |. 
patients with coronary disease had renal, cerebral or ; 
peripheral vascular insufficiency and were not re- 
ferred for coronary evaluation, thereby producing z 
some degree of selectivity in our patient group. À 
study by the Joslin Clinic group? failed to find any - 

correlation between the duration of diabetes and the 
degree of coronary disease by angiography. The in- di 
creased functional disability and greater frequency of . 
unstable angina in our diabetic patients may be due ` R 
to a reluctance to refer diabetic patients for surgical 
intervention until a long trial of medical therapy has um 
proved ineffective. uds 

Coronary risk factors: A review of the risk fac-  . 
tors predisposing to coronary arteriosclerosis re- 
vealed striking similarities in our diabetic and nondi- 
abetic patients. Approximately 70 percent of both 
groups had a positive family history of coronary Br. 
tery disease. Two thirds of the patients in both _ 
groups were cigarette smokers, and more than half i 
each group had hypertension. Elevated serum triglyc- 
eride levels and obesity were found in a significantly 




















Vein graft flows: In a recent study. of coronary 





nondiabetic patients, a 


* 


e with our findings. We obtained flow mea- 
ents in 51 grafts in diabetic patients and found 
ean flow rate of 68 ml/min compared with a mean 
rate of 63 ml/min in 121 grafts in the nondia- 
c group. When graft flow rates to individual coro- 
ary arteries were compared, they were similar in 
sth groups (Fig. 1). This raises doubt as to whether 
the microcirculation of the diabetic myocardium is 
ifferent from that of the nondiabetic myocardium. 
Coronary microcirculation: Studies by Siper- 
ein et al? have shown that there is twice the thick- 
iss of the basement membrane of skeletal muscle 
ipillaries in the diabetic as in the nondiabetic pa- 
ent. We know of no comparative microscopic study 
of the myocardial capillary system in patients with 
. and without diabetes which would be of value in an- 
swering this critical question. The angiographic find- 
‘ings in our study did not indicate any appreciable 
difference in the distribution of significant stenotic 
sions of the proximal coronary arteries between the 
wo groups. Radiographic equipment currently avail- 
ble is not capable of distinguishing a difference in 
the distal coronary capillary circulation. New ra- 
isotope myocardial perfusion studies may be able 
better quantitate blood flow in the microcircula- 
on of the heart, therefore aiding in the selection of 
the patient who will benefit most from revasculariza- 
on surgery. 
Mortality: Operative mortality was 9 percent in 
he diabetic and 4 percent in the nondiabetic group. 
Only one of the three deaths in diabetic patients was 
f cardiac causes; the other two were due, respective- 
ly, to a cerebrovascular accident and a massive pul- 
monary embolism. All three deaths in the 77 nondia- 
betic patients were related to intraoperative or post- 
‘operative myocardial infarction. The operative 


gnifica ence. These data are at- 


/ deaths occurred in 1971 and seem 


the experience of the operating tear are 
operative deaths in the last two thirds of the to 
tient group, diabetic and nondiabetic, and w 
that diabetes has not influenced operative mo 
in the last 2 years of our experience with cor 
tery bypass. The improved results are proba 
ed to better patient selection, improved surgica 
niques and better postoperative care. = =; E 

Complications: In our small sampling, we 
more complications in the diabetic than in th: 
abetic group, the principal serious nonfatal o: 
sternal wound infection, observed in four diabet 
tients. Diabetes was first discovered in eight of 
patients during diagnostic studies for corona 
disease. We believe that it is essential to look for th 
condition in all patients being considered for aor 
ronary operations. The morbidity of undiagnose 
abetes is appreciable and can further comp: 
intraoperative and postoperative manage: 
these seriously ill patients. : 

Our follow-up studies from 12 to 36 mor 
lowing operation show no statistical differe 
tween the diabetic and nondiabetic groups in 
centage of patients who have benefited from th 
vascularization procedures. m 

Clinical implications: Diabetic patients w 
vere uncontrolled angina or critical stenosis « 
nary vessels should be considered for aortoc 
bypass. The same criteria for operability 
nondiabetic patients should be used,. al 
watchful postoperative care during a slig 
hospitalization period may be necessar 
wound infections and to stabilize the d 
discharge. 

Acknowledgment 


References 


+; Pell S, D'Alonzo CA: Factors associated with long-term survival 
of diabetics. JAMA 214:1833- 1840, 1970 
. Steinke J: Management of diabetes mellitus and surgery. N Engl 
"J. Med 282:1472-1474, 1970 

3. Siperstein MD, Unger RH, Madison LL: Studies of muscle capil- 

lary. basement. membrane in normal subjects, diabetic and predi- 

;., abetic patients. J Clin Invest 47:1973- 1999, 1968 
*4. Herman MV, Gorlin R: Premature coronary artery disease and 
the preclinical diabetic state. Am J Med 38:481—483, 1965 


5. Warren S, LeCompte PM, Legg MA: The Pathology of 

Mellitus, fourth edition. Philadelphia, Lea & Febiger, 196 

. Draskoczy SP, Leland OS, Bradley RF: Aorto-corc 
in the diabetic patient. Personal communication. 

. Chychota NN, Gau GT, Pluth JR, et al: Myocardi 
tion. Comparison of operability and surgical result 
nondiabetic patients. J Thorac Cardiovasc Surg 
1973 vx 








ALD BUCKBERG, MD 
EBER, MD 
EL HERMAN, MD, FACC* 
ARD GORLIN, MD, FACC* 


; ingeles, California 

























‘rom the Division of Thoracic Surgery and Divi- 
ion Of Cardiology, University of California at 
Angeles Medical Center, Los Angeles, Calif. 
and Cardiovascular: Division, Peter Bent Brig- 
m Hospital, Boston, Mass. Manuscript ac- 
te tober 30, 1974. — 

Address: Department -of Medicine, 
Sinai Hospital and The Mount Sinai 
hool of Medicine of the City University of New 















10029. 







Ischemia in Aortic Stenosis: Hemodynamic Prediction 











reprints: Gerald D. Buckberg, 
racic Surgery; University of 
os Ange ical Center, Los 







The records of 12 patients with aortic stenosis previously studied by _ 
Fallen et al.’ in 1967 before and after infusion of isoproterenol were re- 
viewed to assess the value of hemodynamic indexes in predicting 
myocardial ischemia— defined as less than 5 percent transmyocardial 
lactate extraction or lactate production. Potential subendocardial blood. p 
supply was estimated from a diastolic pressure-time Index (DPTI), cal- 
culated from aortic and left ventricular pressure, and oxygen demand, x 
estimated from the tension-time index (TTI). The ratio DPTI/TTI was - 
used to estimate the supply/demand relation. "i 

Of eight patients with aortic stenosis but without associated coro- 
nary artery disease, four (Group A) metabolized lactate normally after 
administration of isoproterenol, and four (Group B) had biochemical 
evidence of ischemia. Three of four patients (Group C) with aortic ste- mE 
nosis and associated coronary artery disease had abnormal glycolysis 
after administration of isoproterenol. Calculated aortic valve areas 
were comparable in all groups. In patients with aortic stenosis alone, 
abnormal lactate metabolism occurred whenever DPTI/TTI was less 
than 0.30 (P <0.01) (Group B). Two of three patients with aortic ste- 
nosis and associated coronary artery disease (Group C) showed ab- 
normal lactate metabolism when DPTI/TTI was greater than 0.6; this... 
ratio was below 0.3 in the third patient. LN 

These results suggest that the supply/demand relation caiculated 
from these readily obtained indexes may be useful (1) in predicting in 
which patients with aortic stenosis ischemia will develop, (2) in distin- 
guishing the role played by associated coronary artery disease, and : 
(3) as an adjunct te calculation of valve area since the quantitation of . 
associated aortic regurgitation is not necessary. 












Angina pectoris and electrocardiographic evidence of subendocardial M 





ease, are increased by infusion of isoproterenol, but they could not 


use hemodynamic changes to categorize these patients readily. 
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URE 1. Phasic recordings of aortic (Ao) and left ventricular (LV) 
pressure in a patient undergoing cardiac catheterization for atrial 
septal defect show normal ratios for DPTI/TTI. The stippled area 

3 used to calculate the diastolic pressure-time index (DPTI). The 

ion-time index (TTI) was calculated from the area beneath the 
eft ventricular pressure curve from the onset of ventricular systole 
o the dicrotic notch in the aortic pressure recording. Note that the 

<area of potential subendocardial blood supply (DPT!) is significantly 
“greater than the area used to estimate oxygen requirements (TTI). 


‘ducing aortic diastolic blood pressure (arteriovenous 
fistula,? patent ductus arteriosus,* infusion of isopro- 
terenol?), by conditions increasing left ventricular di- 

istolic pressure (supravalvar aortic stenosis?) and by 
Shortening diastole (pacing? and infusion of isopro- 
erenol”). Changes in myocardial performance and 
distribution of flow were predictable by estimating 
subendocardial flow with a diastolic pressure-time 
index (DPTD? calculated from aortic and left ven- 
tricular pressure, and by estimating myocardial oxy- 
gen needs from the tension-time index (TTD) the 

. ratio DPTI/TTI providing an estimate of the supply/ 
demand relation. Histochemical evidence of suben- 

docardial ischemia was seen when this ratio was less 

| than 0.70.9 

¿In this study, hemodynamic data from patients 

reviously reported on by Fallen et al.! were analyzed 
to determine if these indexes derived from simulta- 
neous left ventricular and arterial pressure tracings 
could be used to predict in which patients with aortic 
stenosis, with and without coronary artery disease, 

"metabolic evidence of ischemia would develop after 
infusion of isoproterenol. 


Methods 


7 "The cardiac catheterization records of 12 subjects stud- 
< ied. between 1963 and 1967 were reviewed. All studies in- 


cluded left and right heart catheterization, determination 


¿of cardiac output by Fick or indocyanine green dye tech- 
“nique, left ventriculography and selective coronary arteri- 
-ography by the Sones technique. Some patients also had a 
supravalvular aortic root flush to document and attempt to 
uantitate aortic insufficiency. Blood hemoglobin levels 
ged from 13 to 15 g/100 ml. Patients were classified into 
three groups on the basis of their coronary arteriograms 
nd transmyocardial lactate patterns. All patients except 
three (one in each group) complained of chest pain. Group 
consisted of four patients with aortic stenosis who had 
ormal coronary arteriograms and lactate extraction rates 


exceeding 5 percent. Group B consisted of four patients 
with aortic stenósia. and normal coronary arteriograms with - 
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FIGURE 2. Effects of isoproterenol on lactate metabolis 
stenosis. See text for criteria for selection of Groups A, B 


NORMAL AORTIC STENOSIS 





FIGURE 3. Phasic recordings of aortic and left ventric 
from a patient with atrial septal defect (panel A) are c 
those of a patient with aortic stenosis (panels B and 
shows the effects of isoproterenol infusion in the: pa’ 
panel B. Note how the diastolic pressure-time inde 
duced in aortic stenosis under resting conditions as vei 
tole is prolonged and left ventricular diastolic pressure 
(panel B). Tension-time index (TT!) is high because ol 
systolic hypertension and prolongation of systolic ej 


C, note that isoproterenol has caused tachycardia so tl it dias 


shortened further and DPTI is also reduced by an increa 
ventricular diastolic pressure. Similarly, TTI is increase 
ratio DPTI/TTI is significantly reduced. This patient (Group 
tate production after isoproterenol infusion. BP = blood pre 


a lactate extraction rate of less than 5 perce! 
production, Group C consisted of four patients 
stenosis and angiographic evidence of 50 percen 
obstruction in one or more coronary arteries. | 

Arterial and coronary sinus lactate samples wel 
drawn at rest and during infusion of isoprotereno| 
ug/min). Aortic valve areas were calculated fr 
formula!? with the realization that the actual 
underestimated when associated aortic insu 
present. The catheterization reports were analyz 
culations of diastolic pressure-time index and t 
index were made by planimetry (Fig. 1). 

Statistical analysis with the group co 
based on the standard. error of the mean 


^. ability values were derived from standard ables 
i distribution of t. 





ifferent groups and th 
: a l patients are shown i in Tables I and n and Fig 


Group A (aortic dtbnbiils, normal. coronary an- 
ograms, normal lactate metabolism): Two of the 
atients had a critical aortic valve area of 0.5 

r less (Table I). The mean systolic aortic pres- 
gradient was 54 mm Hg at rest, rising to 74 mm 
during infusion of isoproterenol. The resting ten- 
ime index was high (4,205 mm Hg sec/min) be- 
left ventricular systolic hypertension (159 mm 
existed and the time spent during systole was 
aged (27 sec/min) (Table IT). Infusion of i isopro- 
nol resulted in sinus tachycardia (35 percent in- 
n heart rate), a prolonged systolic ejection pe- 

er minute and increased left ventricular hyper- 

n. These factors raised the calculated tension- 

1e index (TTI) 26 percent (P <0.01). Although aor- 
stolic blood pressure was normal (79 mm Hg), 
iastolic pressure-time index (DPTI) was low 
293 mm Hg sec/min) at rest since mean left ven- 
diastolic pressure was slightly increased and 

tole was significantly shortened because of the 


= Patients ——— 





Àmn 8 Amado 00 
(mean and no. with Aortic Valve ^ Gradient* - 
Group ^no. range) Angina. CAD (cm)f (mm Hg)t 


A 4^ 45 (38-54) 3 0 0.544 0.24 54 34 a 
B 4  51(34-59) 3 0 0.484:0.18 93+: 56. 
C 4 48 (43-50) 3 + 0.60--0.16 748 + b : 


* Mean systolic gradient across the aortic valve under resting "n ; 

conditions. 
1 Values expressed are mean + standard deviation. 
CAD = coronary artery disease. 


prolonged time spent in systole. The diastolie:] pre: 

sure-time index did not change significantly | aft 

infusion of isoproterenol because a slight increase in 
mean aortic diastolic blood pressure and decrease in 
left ventricular diastolic pressure compensated for 
the shortening of diastole caused by tachycardia. The - 
DPTI/TTI ratio, low at rest (0.55), declined 29. per- 


amic and Metabolic Changes after Administration of Isoproterenol (Iso) 


Group A 


Group B Group € 


(no. = 4) % Change (no. = 4) % Change (no. = 4) % Chang 


astolic BP (mean) (mra Hg) 


79+ 9 
81 9 
mean) (mm Hg) 

; 103 
6+3 


33+ 2 
30 + 2 


159+ 5 
188 + 8 


752-5 

Us 101+: 7 
m Hg: sec/min) 
AE E 2293 + 181 

pe 2199 + 217 
ig-sec/min) 
s 4205 +: 210 
5458 + 379 


0.55 + 0.06 
0.41 + 0.06 


3. 





64 +: 4 69 3-7 
632-5 66 +: 8 


1523-4 741 
18+ 4 743 


30 + 3 37 3: 0.4 
26 + 2 3+1 


184 + 9 143 + 5 
213 3: 7 156 4- 9 


85 4 7 694-4 
134- 9 + 6 


1607 + 304 2266 +: 258 
1178 + 236 2172 + 334 


5131 + 101 3503 =: 90° 
7242 3- 223 3684 = 379 


0.34 + 0.05 i 0.65 3.0.08. 
0.16 + 0.04 0.654 0.13. 
ea 
St 12 





sion-time index, |. 





isoproterenol (p «0. 0.05). vu 


5 was no ‘significant change in lactate metabo- 
sm (Fig. 2). 

Group B (aortic stenosis, normal coronary an- 
ograms, abnormal lactate metabolism): Three of 
he four patients had an aortic valve area of 0.5 cm? 
r less. The mean aortic valve gradient was 93 mm 
g at rest and rose to 121 mm Hg during infusion of 
isoproterenol. Consequently, the resting tension-time 
index was highest in this group because it had the 
reatest value for mean left ventricular systolic pres- 
sure (184 mm Hg) and longest duration of systole (30 
ec/min). The tension-time index rose 34 percent 
uring the infusion because of a 33 percent rise in 
heart rate, prolongation of the systolic ejection peri- 
-od to 34 gec/min and an increase in mean left ventric- 
cular systolic pressure to 213 mm Hg (Fig. 3). The av- 
erage resting value for the diastolic pressure-time 
index was low (1,607 mm Hg sec/min); mean arterial 
‘diastolic pressure was only 64 mm Hg; mean left ven- 
tricular diastolic pressure was abnormally high (15 
mm Hg); and diastole was short (30 sec/min). The di- 
stolic pressure-time index declined 31 percent after 
nfusion of isoproterenol since diastole was shortened 
urther by tachycardia and the average value for rest- 
ng left ventricular diastolic pressure increased from 
an already elevated value. Consequently, the DPTI/ 
TTI ratio, which was very low at rest (0.34), de- 
reased to an average value of 0.16 after administra- 
ion of isoproterenol (P «0.01). Myocardial lactate 
roduction occurred in two patients, and extraction 

às reduced to less than 5 percent in the other two. 
^ Group C (aortic stenosis, coronary arterial ob- 
struction): Two of the four patients had an aortic 
' valve area of 0.5 cm? or less. The mean resting aortic 
.gradient was 48 mm Hg, rising to 73 mm Hg after 
infusion of isoproterenol. The tension-time index was 
ncreased at rest and rose 10 percent after the infu- 
sion; the diastolic pressure-time index did not change 
significantly. Although heart rate rose 38 percent to 
95 beats/min, resting rate was lowest in this group 
- (69 beats/min). Isoproterenol shortened the systolic 
ejection period and thereby reduced the systolic du- 
ration each minute. This slightly prolonged the dia- 
-stolic filling period and, coupled with a slight reduc- 
tion in left ventricular diastolic pressure after infu- 
sion of isoproterenol, accounted for the stability of 
the diastolic pressure-time index. Consequently, the 


^—DPTI/TTI ratio did not change after infusion (P 


70.05). Whereas lactate extraction was 20 percent at 
. rest in these patients, there was a net production of 
lactate during infusion. The DPTI/TTI ratio was 
_0.71 in one patient who produced lactate and 0.72 in 
e patient whose lactate extraction decreased to 4 
percent. The highest DPTI/TTI ratio (0.86) occurred 
n the only patient in this group with normal lactate 


Comparison: ‘of the groups: Calculated valve 

eas were not statistically different among groups, 

t patients in Group B (aortic stenosis, patent coro- 
nary: sitters, abnormal, lactate tetabolisra) had de. 





highest: estig -tolic à pressure e gradient 
and longest systolic duration (P «0.01). Cons 
ly, this group had the greatest myocar ial o 
quirements as estimated from the tensio: 
index. The resting diastolic pressure-time 
lowest in Group B because each of the thre 
determining it was most significantly: alte: 
aortic diastolic blood pressure was lowest, me: 

ventricular diastolic pressure was highest . 
stolic duration was shortest. Infusion of isopr 
increased heart rate comparably in each gr 
caused the most marked increase in tens 
index (34 percent) and reduction in diasto 
sure-time index (31 percent) in Group B. In th 
tients, left ventricular end-diastolic pressure 
infusion of isoproterenol rose from an alread 
ed value. Consequently, the ratio DPTI/TTI. 
most in patients in Group B, and this group hac 
most striking abnormalities in lactate metaboli: 

The values for each of the variables det 
diastolic pressure-time index and tension-tir 
were comparable in Groups A and C during 
infusion of isoproterenol, but patients in ( 
differed in that they had coronary artery disease. 
three of them metabolized lactate abnormally. It 
therefore possible to use the DPTI/TTI rati 
tinguish only those patients with aortic sten 
patent coronary arteries (Groups A and B) : 
tabolized lactate abnormally. 

Discussion 

The heart is an aerobic organ and the rate 
cardial oxygen extraction is high under restin 
tions. Coronary blood flow must therefore 
cardiac oxygen delivery is to be increased 
crease in blood supply is achieved when the 
arteries dilate in response to metabolic m 
needs and continues until the vasodilator ca 
the coronary vascular bed is reached. When 
coronary vasodilatation occurs, coronary fl 
hence, oxygen delivery are determined by 
nary driving pressure and time available fc 
sion. If blood supply provides sufficient ox 
metabolic requirements, aerobic metab 
tinues; anaerobic metabolism (decreasec 
traction or lactate production) occurs when t] 
nary blood supply does not adequately meet m: 
dial oxygen demands. : 

In this study we estimated oxygen dim 
the tension-time index of Sarnoff et al. whi 
been shown to correlate well with myocardial 
consumption in compensated hearts.i^!? A 
calculated aortic valve areas were comparab 
group, tension-time indexes were highest in G 
because this group had the greatest resting m 
ventricular systolic pressures and the longest : 
durations. Since these patients had the lowest 
for aortic diastolic blood pressure, it is po: ib 
more aortic insufficiency was present so t 


creased stroke voliuoe increased the: gr 




























































Isoproterenol increases cardiac oxygen demands by 
nhancing contractility, causing tachycardia and in- 
reasing cardiac output in normal hearts. The ventri- 
les must therefore develop tension more rapidly 
ach beat, more frequently each minute and do more 
olume work. These demands may be accentuated in 
ypertrophied hearts with aortic stenosis. Although 
soproterenol had similar chronotropic effects in pa- 
ients from each group, it caused the largest i increase 
n left ventricular systolic pressure in patients in 
roup. B. Myocardial oxygen requirements probably 
ncreased more significantly than estimated from the 
nsion-time index because the latter underestimates 
en needs during inotropic stimulation.!? Perhaps 
he reduction in ventricular volume that accompanies 
notropie stimulation may decrease the extent of the 


~The increased myocardial oxygen requirements 
caused by isoproterenol are normally met by in- 
creased coronary blood flow resulting from the vaso- 
dilator effects of the drug. At the same time, isopro- 
erenol reduces aortic diastolic blood pressure and 
shortens diastole, thus limiting the potential flow 
that can be achieved by any given degree of vasodila- 
tation, 
Myoeardial flow in aortic stenosis: In patients 
aortic stenosis, several factors may impair po- 
al blood supply under resting conditions. First, 
asodilator reserve capacity is probably reduced 
der that coronary flow can meet the increased 
lic oxygen requirements of left ventricular 
tolic hypertension. Second, diastole is shortened 
for any given heart rate because of prolonged systolic 
ion across the stenotic valve, and it is shortened 
urther if tachycardia occurs or if stroke volume must 
also increase because of associated aortic insufficien- 
"Third, aortic diastolic blood pressure is reduced 
hen: there i is associated aortic insufficiency, so that 
ven more vasodilator reserve must be called upon to 
maintain. adequate coronary blood flow at rest. 
Fourth, if there is any degree of left ventricular fail- 
ure or significant aortic insufficiency, then left ven- 
ticular diastolic pressure increases and further re- 
uces the coronary driving pressure by impeding po- 
tential subendocardial flow. Finally, if coronary ar- 
tery disease is also present, then coronary driving 
pressure beyond the coronary stenosis is reduced and 
already diminished vasodilator reserve capacity is 
further encroached upon to ensure adequate resting 
oronary flow. 
or these reasons, in patients with aortic stenosis, 
coronary vascular system may be near maximally 
lated at rest, so that the heart's ability to autoregu- 
late its flow in response to the increased needs of iso- 
proterenol may be impaired, as shown by Fallen et 
8l! When maximal vasodilatation is achieved, then 
pressure-time relation. described by diastolic 











stolic an : subendocardial flow would decrease as 


hese ventricles increased. as he generated 1 more 
ion to perform greater pressure and volume work. 





this sequence. te 


“occur in | experimental studies where the determi- 


nants of the index were varied. If oxygen demands 
rise simultaneously, then a supply/demand discrep- 
ancy results and signs of anaerobic metabolism be-. 
come apparent and left ventricular failure occurs. = = 
DPTI/TTI and prediction of subendocardial 
ischemia: As in the study of Fallen et al, we were > 
unable to use a single hemodynamic factor to predict 
the cause or presence of subendocardial ischemia. ^. 
Changes in any of the hemodynamic determinants of 
blood supply simultaneously altered oxygen require- ^ 
ments so that the final supply/demand ratio (DP'TI/. — 
TTI), rather than its individual factors, was the best 
predictor of ischemia. For example, heart rates were 
comparable in the three groups, but significant dif- 
ferences in duration of diastole occurred. The diastol- 
ic interval is determined by both heart rate and sys- 
tolic ejection period (which is related to the severity . 
of outflow obstruction, stroke volume and adequacy 
of myocardial perfusion). Although increased left — 
ventricular diastolic pressure is a recognized sign of | « 
cardiac failure and also increases oxygen demands by . 
increasing wall tension, little attention has been di- 
rected toward its action as a counterforce to subendo- 
cardial flow. Traditionally, calculations of coronary ^. 
vascular resistance are made by subtracting right 
atrial or coronary sinus pressure from aortic diastolic. 
bleod pressure. Our studies show that increased left 
ventricular diastolic pressure not only is a reflection 
of ventricular failure, but also impedes an already re- 
duced subendocardial flow.? Recent studies by 
Kjekshus!^ have confirmed this observation in areas ^ - 
of preexisting myocardial ischemia in the absence of... ^ 
valvular lesions. We have been able experimentally!5 
to improve subendocardial perfusion in dogs with — . 
cardiac failure secondary to aortic stenosis by decom- ` 
pressing the left ventricle by diverting blood from the 
left to the right atrium. Similar beneficial effects on 
myocardial performance were observed by Roven et 
al.!6 when atrial shunts were opened during experi- 
mental left ventricular failure secondary to both aor- 
tic stenosis and coronary ischemia. iab 
Ischemia, isoproterenol and abnormal laétáte 
metabolism: Patients in Group B showed the most 
striking abnormality in lactate metabolism and had 
the lowest DPTI/TTI values of all patients with pat- 
ent coronary arteries (Groups A and B). Although 
calculated aortic valve areas were comparable in pa- 
tients in both groups, more aortic insufficiency may __ 
have been present in Group B, so that the tension- - 
time index was higher and diastolic pressure-time | 
index lower. These patients probably had the most us 
limited vasodilator reserve, so that coronary flow 
could not increase sufficiently to meet the inotropi- 
cally induced increase in metabolic needs. The para- 
doxical increase in left ventricular end-diastolic pres- — 





- sure after the catecholamine infusion suggests that - D 
. isoproterenol may have impaired rather than en- ae 
hanced contractility. Previous studies by Gorlin et 









M pave documented an increase. in n ler vent icular 









ase in left ventricular end-diastolic pressure in 
its with aortic stenosis. These findings are con- 
t with our experimental observation that iso- 
renol produces a decline in myocardial perfor- 
nce when it alters the determinants of subendo- 
yrdial flow sufficiently to make it inadequate to 
eet simultaneously increasing oxygen require- 
ments.’ Other investigators have shown that isopro- 
'renol may cause myocardial lactate production and 
-T segment depression in dogs with patent coronary 
teries.!? 
"The DPTI/TTI values at which metabolic evidence 
f myocardial ischemia occurred (less than 0.30) were 
wer than the values recorded in experimental stud- 
es in which coronary blood flow was redistributed 
away from the subendocardial muscle and histo- 
chemical evidence of subendocardial ischemia was 
detected. The clinical and experimental studies may 
not be directly comparable, since normal DPTI/TTI 
values have not yet been established in human 
hearts, especially those with ventricular hypertrophy. 
lowever, in our recent studies of the effects of sud- 
. vigorous exercise in healthy volunteers, we ob- 
:rved electrocardiographic changes consistent with 
chemia whenever DPTI/TTI was less than 0.30.1? 
"The coronary venous lactate value, used to monitor 
the degree of ischemia, represents an integrated sam- 
ple of transmural left ventricular venous drainage. It 
; possible that regional ischemia of subendocardia! 
muscle may go undetected and that transmural isch- 
emia may be necessary before the coronary sinus 
sample is abnormal. Recent studies by Griggs et al.?? 
have shown regional differences in transmural lactate 
production. Their findings demonstrate that severe 
..subendocardial lactate production can be significant- 
ly underestimated from coronary sinus samples. 
Monroe et al?! have provided recent evidence that 
chemic subendocardial electrocardiographic pat- 
rns can be monitored from intracavitary electrodes 
hile epicardial electrocardiograms remain un- 
changed. It is therefore possible that regional (suben- 
docardial) myocardial ischemia had occurred at high- 
er DPTI/TTI values in these patients but could not 
be. detected by techniques assessing transmural 
changes. 
“Role of associated coronary artery disease: The 
only patients with aortic stenosis showing anaerobic 
metabolism at DPTI/TTI values greater than 0.30 
‘had associated coronary occlusive disease (Group C). 
‘Abnormal lactate metabolism occurred in three of 
four patients in Group C after isoproterenol infusion 
although the supply/demand relation estimated by 
DPTI/TTI did not change. This ratio is unable to 
dict a supply/demand discrepancy in these pa- 
nts because potential subendocardial blood supply 
not be estimated from the diastolic pressure-time 
ex calculated from aortic root pressure, since coro- 
ty arterial diastolic pressure is reduced beyond the 
jon of. significant. atheromatous obstruction. The 
urrence at ische mia ata “normal” supply/demand 

































































































isoproterenol causes an 


- basis of calculated aortic valve area alo 





nary artery disease, anaerobic metabolis n woul 


ratio suggénts that there is a significant degree of 
erosclerosis. 
After isoproterenol infusion, left ventricular 
diastolic pressure decreased in patients with : 
ated coronary artery disease, despite significant 
tate production. This may be related to the- 
rence of regional! ischemia in the distribut 
involved coronary artery with adequate funct 
the remaining ventricle. The patient in Group | 
the lowest DPTI/TTI ratio (0.28) had the gt 
amount of lactate production and his left vent: 
diastolic pressure increased from 7 to 15 mm H 
ing infusion of isoproterenol. On the basis of fi 
in Groups A and B, the myocardial ischemia (ab 
mal lactate metabolism) in the three patie 
Group C with a DPTI/TTI ratio of 0.60 or abo 
curred principally because of coronary artery dis 
and was worsened by the effects of aortic st 
Conversely, aortic stenosis alone could have acco 
ed for the abnormal lactate metabolism in the 
C patient whose DPTI/TTI ratio was similar | 
of patients in Group B. 
Mechanism of angina in aortic stenosis: 
studies suggest that the mechanism of angina p 
ris in aortic stenosis is comparable to that in coro 
artery disease. The resting oxygen requireme 
normal with coronary artery disease, but there is ana 
tomic encroachment on the arterial lumen so tha 
sodilator reserve capacity must be utilized to a 
adequate oxygen delivery at rest. However, th 
duced coronary arterial driving pressure beyo 
obstruction cannot be quantitated. In aortic st 
the resting oxygen demands are high and the ' 
lator reserve capacity is reduced in order to. m 
an increased blood supply to provide sufficien 
cardial oxygen. If there is no coronary art: 
struction, the coronary driving pressure can. 
titated. In both conditions, the expenditure 
dilator reserve capacity limits the flow increase 
can be achieved when myocardial oxygen dei 
are raised. Whereas in aortic stenosis the et 
subendocardial muscle may become ischemic whe 
supply/demand discrepancy exists, the ische 
limited to the myocardium in the distribution 
involved coronary artery in patients wit. € 
artery disease. When aortic stenosis and coro 
tery disease coexist, circumferential and. 
subendocardial ischemia may occur simult 
Our studies suggest that once maximal vas 
achieved, alteration of any one factor affecti 
ply or demand will simultaneously affect the o 
The ratio DPTI/TTI may provide a way to : 
tate these effects in patients with aortic steno 
patent coronary arteries and may be helpf 
sessing the role played By coronary artery d 
patients with this condition. 
Usefulness of calculated aortic valve | a 
in Fallen’s report,! we could not distin, 









































































patients with aortic stenosis, with or with 









































n of ‘oul berris flow aroei the. valve in 
ice of simultaneous aortic regurgitation 
‘be made easily. Consequently, the calculation 
ic valve area in the presence of combined aor- 
enosis and regurgitation will usually underesti- 
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Since isometric exercise by sustained handgrip leads to a siza 
crease in aortic pressure this maneuver was used in addition 
pacing to increase the imbalance between oxygen demand an 
in two groups of patients. Both groups were studied by left heal 
terization and cineangiography in the right anterior oblique proj 
at rest, during atrial pacing and during combined pacing and 
exercise. Group 1, the control group, consisted of 10 patients wit 
coronary artery disease having an ejection fraction of 0.61 
Group 2 was composed of 10 patients with definite obstructive 
of one or more of the three main coronary arteries. At rest, 
fraction was normal or nearly normal (range 0.54 to 0.78) 
myocardial contraction performance was assessed by deter 
mean segmental shortening velocities at the basal (VB), 
(VsM) and apical (VsA) short ventricular axes. Whereas at res 
was no significant difference between the two groups for - in) 
three velocities, during pacing, VsM and VsA were significantly 
in Group 2 than in Group 1 (P <0.02). During pacing combined 
handgrip exercise the difference between the two groups wa 
accentuated, all three velocities being highly significantly de 
Group 2 (VsB, P «0.01; VsM and VsA, P <0.001). When ev 
dividually the patients of Group 2 had in 9 segments duri 
values for VsB, VsM and VsA that were below the range of th 
subjects. During pacing combined with handgrip a newly 
shortening velocity was observed in 12 segments (VsB as 
of 7, VsM in 4 of 7 and VsA in 5 of 7 instances). 

in conclusion, the combination of atrial pacing and fidei 
cise appears to be a useful stress maneuver to identify ten 
dysfunctioning segments in patients with coronary artery 
whom atrial pacing alone is not sufficient to induce ischem 
tion disorders. 


Rapid atrial pacing has been used to produce or to enhanc 
tricular segmental contraction disorders in patients with corc 
tery disease.'? Regional wall motion disturbances are cons 
appear when the increase in local oxygen consumption exe 
supply, limited by coronary stenosis and the abbreviated 
perfusion time when heart rate is increased. Although myo 
oxygen consumption increases during pacing, as evidenced 
augmentation of the systolic pressure-rate product or the 
time index, the increase of the metabolic needs may no 
enough to precipitate - an acute imbalance between suppl 
mand. Since in patients with coronary artery disease acut 
loading by the sustained handgrip maneuver has been repi 
useful for the intens ification or induction of regional contrac 

rs eval adarkymographic video tracking? or by 
tricular r tineangiography, it was S antiripaid that the combin. 

























cing "aud additional han 


present study describes the effects of atrial pacing 
alone and in combination with handgrip exercise on 
left ventricular contraction dynamics in patients with 
and without. coronary artery disease. 


Methods 


Patient Groups 


» Twenty patients were evaluated for coronary artery dis- 
ease by left heart catheterization, left ventricular cineangi- 
graphy and selective coronary arteriography. Both stress 
tests, atrial pacing and handgrip, were carried out in all pa- 
ents. It is recognized that the application of such tests is 
f diagnostic importance only in patients with ascertained 
oronary artery disease. Since for physiologic reasons coro- 
£ ry, arteriography had to be performed after the hemody- 
namic investigation it is clear that the stress tests could not 
e confined to the patients with proved coronary disease. 

or these studies informed consent of the patients was ob- 

ined. Premedication consisted of 10 mg of Librium® 
given orally 1 hour before catheterization, except in one pa- 
tient who received 10 mg of Valium? orally. On the basis of 
arteriographic findings, the patients were divided into two 






















; iroúp 1, the control group, consisted of 10 patients (9 
ale, d female) with normal coronary arteries (9 patients) 
nimal narrowing (25 percent of the left anterior de- 
ing artery—1 patient, Case 2). None had signs of an 
‘a recent infarction in the 12 lead electrocardiogram, 

Il had regular sinus rhythm. Bicycle exercise testing 
ed before the present hospitalization in the outpa- 
division. resulted in precordial S-T segment depres- 
f 0.2.and 0.25 mv, respectively, in Patients 3 and 2. 

depression occurred at & work load of 150 and 175 
‘respectively, and was not accompanied by anginal 
In the only female patient (Case 8) S- T depression of 
v appeared 2 minutes after completion of the exercise 
test (125 watts). No precordial discomfort ensued. At the 
time of the study two patients (Cases 4 and 6) were receiv- 
ing maintenance doses of digitalis. This treatment ap- 
ared to have no consistent effects on the segmental con- 
action velocities at rest since one patient (Case 4) had 
lues. clearly below average whereas Patient 6 had veloci- 
es above the average values. On the other hand, during 
e stress tests, the actual segmental contraction velocities 
tended to be higher than the corresponding average values. 

hree patients (Cases 2, 4 and 3) received beta adrenergic 
blocking agents (pindolol or alprenolol) before hospitaliza- 
n but these drugs were not given the day before or the 
of the catheterization. 

-Group 2 consisted of 10 patients (9 male, 1 female) with 
de nite obstructive disease of one or more of the three 
n coronary arteries. The patency of the coronary tree 
as assessed by the scoring technique of Rowe et al.,5 
‘resulted in values of 75 to 225 (no obstruction equals 
score of 300). The electrocardiogram suggested old inferi- 

infarction in three patients (Cases 14, 18 and 19) and an- 



































"sterio infarction i in three (Cases 15, 16 and 20). All patients 
‘had sinus rhythm; the QRS duration was within normal 
imits. Exercise testing provoked anginal pain in five pa- - 
ients Cases. tH, 15, 16, 17 and 19) either during o or shortly ES 





E might. be. particularly effective in producing or ac- pri 
entuating segmental contraction abnormalities. The 


suming a ventricular shai 
l They were corrected for imag 


3^ ST segment d- ; 
sion occu and several supraventricular 

extrasystoles appeared during stress in Case 12. No patient. 

had valvular lesions. Three patients (Cases 16, 17 and 19). = 
were receiving beta adrenergic blocking drugs (practolol, |. 
alprenolol or propranolol) up to the day before catheteriza- ^ : 
tion. Whether residual effects of these beta blocking agents 
were present at the time of the study cannot be stated with 
certainty. However, this appears unlikely since Faulkner et 
al$ showed that 36 to 48 hours after withdrawal of pro- 
pranolol after long-term therapy, this drug could not be de- 
tected in the plasma or in tissue samples from the left atri- 
um of patients undergoing coronary arterial surgery. 


Methodology 


A Ducor pigtail no. SF catheter was inserted into the 
right femoral artery and advanced to the ascending aorta... 
and the left ventricle. A no. 6F bipolar electrode catheter 
was introduced into the right atrium by way of the right © 
femoral vein. Its tip was positioned against the lateral wall. 
Heparin, 5,000 to 10,000 units, was given intravenously for, 
anticoagulation. Pressure measurements throughout the 
study were made with the patient in the right anterior 
oblique position. Zero level was taken at one half of the 
thoracic diameter in the supine position. 

Left ventricular cineangiography was carried out in the 
right anterior oblique position, the patient being advised to > 
hold his breath in mid-inspiration. Filming rate consisted |... 
of 75 frames/sec; 25 to 40 ml of Urografin® 76 percent . 
(Schering, Berlin, Germany) was delivered by an electro-. 
cardiogram-triggered power injector (Contrac, Siemens) 
into the left ventricle at a rate of 10 to 15 ml/sec. At the 
end of the procedure a calibration grid with 1 cm squares 
was filmed at the level of the center of gravity of the left 
ventricle. This level was estimated from a chest roentgeno 
gram in the left anterior oblique projection. Selective coro- 
nary arteriography was carried out according to the Jud-. 
kins technique? after completion of the pacing-handgrip, © 
study. 
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Analysis of Data 


Left ventricular end-diastolic pressure was measured at 
the lowest point of the tracing between the A wave and the 
fast rising portion. When no A wave was discernible, left 
ventricular end-diastolic pressure was determined at the 
peak of the R wave of the electrocardiogram. Ejection time 
was measured from the aortic pressure tracing, recorded at 
a paper speed of 75 mm/sec (oscillograph, Electronics for 
Medicine). 

For quantitative analysis the cineangiograms were 
viewed at the Tage-Arné projector. By playing back and : 
forth, it was possible to identify the largest (end-diastolic) 
and the smallest (end-systolic) left ventricular silhouette. 
The silhouettes were then traced at their outermost endo- ^: 
cardial border on paper affixed to the frosted glass screen. .: 

In the cineangiograms of the 20 patients no extrasystoles. - 
were present before the analyzed frame; patients present-  . 
ing extrasystoles had been excluded a priori from the 
study. s 
Voiumetric analysis was performed according to thẹ = 
area-length method.? In the end-diastolic and end-systolic > 
silhouettes the long ventricular axis (L) was drawn. from 
the mitral-aortic juncture to the apex. The transverse axis ; 





- (T) was obtained from areas (A), as determined by plani- 


metry. and L (T = 4A/z - L). Volumes were calculated as- 
of an ellipsoid of revolution : 








IGURE 1. Determination of segmental shorten- 
ing from cineangiographic films in the right an- 
rior oblique projection at end-diastole (left) 
nd end-systole (right). The three minor axes, 
that is, the basal (B), the middle (M) and the api- 
Gal (A), were drawn perpendicular to the long 
axis (L) after quadrisection of L at equal dis- 
tances. For calibration purposes a scale with 
varkers was positioned between the patient's 
back and the X-ray table. For the calculation of 
the mean segmental shortening velocities, see 


text. J.F..6,54 y, normal left ventricle 


grid filmed at the level of the gravitational center of the left 
ventricle. Ejection fraction (EF) was calculated according 
;;to the formula EF = (EDV — ESV)/EDV where EDV = 
end-diastolic volume, ESV = end-systolic volume and 
“(EDV-ESV) = stroke volume (SV). All volumes were cor- 

ected for body surface area and expressed as indexes in 
milliliters per square meter (EDVI, ESVI, SVI). 

Analysis of segmental contraction of the left ventricle 

as carried out by measuring the extent of shortening of 
three specific minor diameters that were obtained by quad- 

risection of the long axis at equal distances (Fig. 1). Thus, 
in both the end-diastolic and end-systolic frames basal, 
middle and apical short diameters were determined. From 
„the extent of systolic shortening of the diameters and the 
ejection time, mean segmental shortening velocity (Vg) was 
calculated at the basal (B), middle (M) and apical (A) short 
axes according to the general formula: 

V, (diameters/sec) = (Sgp ~ Segs) / Sgp X ET 
where Sgp = segmental axis (B, M, A) at end-diastole, Sgs 
= segmental axis (B, M, A) at end-systole and ET = ejec- 
tion time. 

In patients with coronary artery disease a systematic 
error in the estimation of end-systolic volume, stroke vol- 

"ume and ejection fraction from single plane angiograms 
“may occur.-!! Generally, the ejection fraction is smaller 
when determined from right anterior oblique or lateral 
than from biplane cine films because the anterior and the 
-posteroinferior walls of the left ventricle, visualized in the 
right anterior oblique and lateral projections, are the re- 
gions most commonly involved in myocardial infarction 
and ischemia. During induced hemodynamic changes, the 
-magnitude of the inaccuracy in the estimation of stroke 
: volume and ejection fraction may change in an unpredict- 
: able manner. Therefore, not only may the absolute values 
of stroke volume and ejection fraction during atrial pacing 
and handgrip exercise be inaccurate but also the direction- 
al changes may not always be correct. Caution appears to 
be mandatory in the interpretation of stroke volume and 
ejection fraction in the patients of Group 2. 

In patients with previous myocardial infarction the cir- 
umferential fiber shortening at the middle axis differed 

bstantially when determined in the lateral and in the 
rontal cine films.? Thus, the assumption of a circular cross 

ction upon which the calculation of the mean circumfer- 
ntial fiber-shortening rate in circumferences per second!” 

sed is clearly violated when asymmetric contraction is 
resent. Conversely, the mean segmental shortening.veloci- 
| calculated in terms of diameters per second indicates 


real shortening velocity of the axes in the specifi fil 
plane, that is, the plane perpendicular to the X-ray 
in the right anterior oblique projection. During.he 
namic changes the calculation of mean segment 

ing velocity remains valid provided that the left ve 
does not rotate around either the longitudinalo or. 
equatorial axis. 


Experimental Protocol 


With the patient lying in the right anterior oblique posi 
tion aortic and left ventricular pressure measureme 
were carried cut, and left ventricular cineangiograp. 
then performed. Results of these studies served as cont 
values. When left ventricular pressure had again reach 
base-line values, which occurred within 5 to 
right atrial pacing was started. The rate of stimula 
progressively increased until a heart rate of approxi 
150 beats/min was reached. In patients in whom c 
was not achieved at a rate of 150 beats/min, 
performed at the highest possible rate. After a p 
pacing that averaged 3.7 minutes in Group 1 and 
utes in Group 2, pressures were measured and left ve 
lar cineangiography was again performed. While 
was continued, isometric exercise by handgrip was 
For this purpose the patients squeezed a ball 
mometer that permits standardization of the te 
patients the strength developed was 0.3 kg/em?.. 
tion of handgrip exercise averaged 3.2 minute: in Gr 
and 2.7 minutes in Group 2. Pressure measuremé 
left ventricular cineangiography during atrial p: 
handgrip were performed 7 to 8 minutes after the 
ing study (pacing alone). : 


Results 


Group 1 

The data obtained in the control state, du in 
al pacing and during combined pacing and hand, 
are shown in Table IA. During pacing there « 
slight, insignificant increase of mean aortic presst 
Left ventricular end-diastolic pressure, eni 
volume index and stroke volume index deci 
nificantly (P «0.001). Ejection fraction rema 
sentially unchanged during pacing. The mean 


ties of segmental shortening increased in all 


short diameters; the augmentation was signific 
VsM (P «0.001) and for VsA (P <0.001). The addi 


tion of handgrip exercise led to an increase 
aortic Pressure from 96 to 114 mm Hg (P 09d 
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' segment depres: on du ng either atrial pacing US 
or ‘handgrip exercise. ue 

























os! pn to the base-lite value. Fjection f fraction Group 2 l "3 

ited a slight but significant (P <0.05) increase. The data in this group are summarized in Table _ 
IB. During atrial pacing there was a slight but insig- 
nificant increase in mean aortic pressure. In contrast. 


LVEDP 





FIGURE 2. Comparison of heart rate (HR), ^ 

mean aortic pressure (MAP) and left ventricular ; 
end-diastolic pressure (LVEDP) in the control: 
subjects in Group 1 (closed circles) and thè > 
patients. with coronary artery disease (CAD) in. 
Group 2 (open circles}. Whereas there was no 
significant difference in heart rate and mean: 
aortic pressure throughout the study, left ven-: 
tricular and-diastolic pressure was significantly — 
greater in patients with coronary artery disease. — 
during both atrial pacing (AP) and atrial pacing — 

NS P<0,001 «001 associated with handgrip exercise (HG). ; 
C = control state; n = number of patients; NS: 
: = not significant (P >0.05); P = probability... 
EUM B CAPIO . AP APEHG £ BP RETR values obtained by unpaired Student t test; SE 
`$ controis(mean + 1SE,n= 10) $ CAD(mear t 1 SE,n= 10) 7 standard error. E 





(mm Hg) 
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FIGURE 3. Comparison of end-diastolic vol 
index (EDVI) stroke volume index (SVI) a 
ejection traction (EF) in Group 1 (closed: cir- : 
cles) and Group 2 (open circles). Whereas 
end-diastolic volume index was slightly larger in... > 
Group 2 than in Group 1 throughout the study, ... 
stroke voiume index was significantly reduced 
during combined atrial pacing and handgrip ex- = 
NS P<0.001 «0.001 ercise in Group 2. Ejection fraction was de- 
creased in Group 2 during atrial pacing; with the. . 
addition of handgrip exercise the discrepancy in > 


0.5 


0.25) 








d. 0 mie 
"C AP AP*HG C AP AP«HG C AP AP«nuG fection fraction between Groups 1 and 2 be- 
e came even more pronounced. Abbreviations as - 
Y contro! (mean # 1 SE.n=10) $ CAD(mean#1SE.n=10) in Figure 2. 


Vs middie Vs apical 









‘FIGURE. 4. clpatibn of mean segmental 
'shortening velocity (Vs) atthe basal, middle | j 
apical short axes in Group ` (clo 

and Group 2 (open circles). During atrial pacing 
ae Vs as significantly gr ter at the middie and 
DER ti Gr : 


(»es/sisiowerp) 











in Group 1, left ventricular end-diastolic 


tended to increase although the change was 
significant. End-diastolic and stroke volume 
decreased significantly (P «0.01 and P «0.001, 
ctively) during pacing. The ejection fraction de- 
reased from 0.65 to 0.56 (P <0.01). The mean values 
f the segmental velocities showed no significant 
hanges during pacing although there was a slight 
trend toward an increase in sM and VsA. Handgrip 
exercise produced a significant (P «0.01) increase in 
mean aortic pressure from 105 to 129 mm Hg. Left 
ventricular end-diastolic pressure increased from 17 
to 25 mm Hg (P «0.02), whereas end-diastolic vol- 
e index increased from 59 to 77 ml/m? (P «0.001). 
Stroke volume index did not change and ejection 
fraction decreased to 0.46 (P «0.01). The segmental 
velocities tended to decrease and the decrease in 
VsM was of borderline significance (P <0.1). 


Comparison Between Groups 1 and 2 


‘Most important with respect to the different he- 
modynamic responses to atrial pacing and handgrip 
in control subjects and patients with coronary artery 
isease was the comparison between the two groups 
the unpaired t test (Fig. 2 to 4). At rest, no vari- 

e studied was significantly different in the two 
groups. Throughout the study heart rate and mean 
aortic pressure were slightly greater in Group 2 than 
in Group 1 but the differences never reached signifi- 
cance (Fig. 2). Left ventricular end-diastolic pressure 
was significantly greater in the patients with corc- 
nary artery disease (Group 2) than in the control 
subjects (Group 1) during atrial pacing as well as dur- 
ing pacing and handgrip (Fig. 2). End-diastolic vol- 
ume index was somewhat larger in Group 2 than in 
"Group 1 and the difference was significant during 
. pacing (Fig. 3). Stroke volume index during pacing 
and handgrip exercise and ejection fraction during 
pacing alone and with handgrip exercise were re- 
duced in Group 2 (Fig. 3). From inspection of Figure 
it is obvious that the discrepancy between the seg- 


p ‘ental Moran velocities. of Groups E 


most pronounced during pacing an ) 

cise. Atrial pacing alone elicited smaller d 
between the two groups although they were s 
cant for VsM and VsA. 


Segmental Contraction Velocities in the Individu 
Patients with Coronary Artery Disease 


Figures 5 to 7 illustrate the effects of atrial 
and handgrip on VsB, VsM and VsA i in the in 
al patients of Group 2. For comparison, the 
ranges established from the control group a a 
cated by the dashed lines. 

At the basal short diameter (Fig. 5) pacing le 
abnormal contraction velocity in 3 of the 10 pat: 
One patient (Case 16) showed a particular 
VsB value, representing a compensatorily in 
motion because in the same patient VsA became 
ative (that is, paradoxical motion) during pacin: 
the seven patients having a VsB value within th 
mal range during pacing the value remained ¥ 
the normal limits in four during the additi 
handgrip exercise, whereas in three handgrip w 
sociated with an abnormally low mean velocity of 
shortening. 

At the middle short diameter (Fig. 6) 2 a 
tients (Cases 14 and 18) showed a slightly re 
contraction velocity at rest. During atrial 
these two patients and a third (Case 19) had 
below the range observed in the control s 
Among the seven patients with a normal VsM 
during pacing the value in three remained 
normal limits during handgrip exercise. I 
these seven patients VsM was below normal 
metric exercise. 

At the apical short diameter (Fig. 7) two 
(Cases 12 and 19) had a slightly and one (Cas 
more severely depressed contraction velocity at 
During pacing, VsA values of Patients 12 and | 
within the normal range but became abnorme 
during the additional pressure load of handgrip ex 
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ndn i in six Sepfientà that showed a normal value 
at rest. In three instances abnormal segmental con- 
traction velocity at rest remained abnormal during 
atrial pacing. In two patients (Cases 12 and 19) with 
an abnormal VsA value at rest, the value improved 
with pacing; in the same patients, however, one or 
both of the other segments became hypokinetic dur- . 
ing pacing. Additional handgrip exercise was effec- 
tive in disclosing abnormal segmental contraction not, .. 
evident during pacing. Newly abnormal shortening: 
velocity could be demonstrated in 12 segments, that = 
is, VsB in three of seven patients (43 percent), VgsM ~ 
in four of seven patients (57 percent) and ŪsA in five. 
of seven patients (71 percent). There was no appar- 
ent correlation between the occurrence of abnormal . 
segmental shortening velocities and the location of 
previous infarct, the severity of coronary artery dis. 
ease or blood pressure levels. Moreover, the two pa- 
tients (Cases 11 and 15) with normal contraction ve- 
locities throughout the study had the lowest Rowe: 
scores and greater than average left ventricular prer 
sure. ; 
Anginal pain was produced by atrial pacing in fo 
i patients (Cases 11, 14, 15 and 17). During the add 
Individual responses of mean segmental shortening ve- tion of handgrip, pain was intensified in Patients 1 
‘basal short axis (Vs basal) to atrial pacing (AP) and the 14 and 17, remained unchanged i in Patient 15 and a 
handgrip (AP + HG) in the 10 patients of Group 2. The peared for the first time in Patients 12 and 20. Th 


Pon ot Pa a a rl 5 v Eig sss occurrence of pain showed no obvious relation to the 
ormal during atrial pacing exhibited a decreased Vs during abnormalities of segmental contraction velocities. 
andgrip. Then, handgrip disclosed an abnormal basal Vs 
cent of the patients with a normal segmental shortening ve- 
1g atrial pacing. In one patient (Case 16) the value for 
was particularly high during atrial pacing, probably repre- 
npensatory increase in contraction in the face of the 
xical wall motion at the apical short axis (see Fig. 7). 3 
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FIGURE 7. individual responses of mean: segmental shortening ve-. 

locity at the apical short axis to atrial pacing (AP) and additional. 

handgrip (AP + HG) in the 10 patients. of Group 2: The dashed lines 

indicate the ranges observed in the control subjects (Group 1). Five 

of the seven patients (71 percent) with a Vs above the lower limit of 

normal during atrial pacing showed a reduced Vs during pane with. | 
Q 46) + 
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"Discussion 


Ventricular Dynamics in Control Patients 


Rapid. atrial pacing led to a significant decrease in 

t ventricular end-diastolic pressure and stroke vol- 

ie index. Such changes in left ventricular dynamics 
luring pacing have been frequently reported.!4-!9 
Additional handgrip exercise was associated with a 
sizable increase in afterload because both aortic pres- 
ure and left ventricular dimensions increased. The 

: compensatory mechanisms mobilized to overcome 
-the increased systolic burden during handgrip exer- 
ise were (1) the Frank-Starling effect, because both 
nd-diastolic pressure and volume increased acutely, 
and (2) probably also an increase in myocardial con- 
tractility. Acute pressure loading of the left ventricle 
in conscious dogs has been shown to be accompanied 
by a significant decrease in mean velocity of circum- 
ferential fiber shortening as estimated from implant- 
‘ed endocardial ultrasonic diameter gauges." How- 
ever, in our control subjects two of the three mean 
egmental shortening velocities increased significant- 
in face of the increased afterload. It therefore ap- 
ars likely that in addition to the increase in pre- 
oad an inotropic myocardial stimulation was opera- 


w 


ve during isometric exercise. 


eft Ventricular Dynamics in Patients with Coronary 
rtery Disease 


As in Group 1, atrial pacing was associated with a 


significant decrease in left ventricular end-diastolic 
olume. However, this decrease was not accompanied 
y.a decrease in end-diastolic pressure, which instead 
tended to increase. This behavior is compatible with 
-a decrease in left ventricular diastolic compliance! al- 
though it is recognized that the ratio of end-diastolic 
volume to end-diastolic pressure does not adequately 
haracterize real compliance defined by the diastolic 
olume change for a given change in pressure. As 
mentioned under Methods, the estimation of ejection 
raction from end-diastolic and end-systolic sil- 
ettes of single plane ventricular angiograms in pa- 
nts with coronary artery disease may be inaccu- 
ate? 11 Despite this criticism it is interesting to note 
that Dwyer,! who determined ejection fraction from 
stroke volume obtained by the indicator-dilution 
technique and the end-diastolic volume obtained 
from single plane right anterior oblique cineangio- 
grams in patients with coronary artery disease, found 
that ejection fraction decreased during atrial pacing 
to.an extent similar to that found in our study. 
Whereas the normal left ventricle can cope with an 
eased pressure burden produced by handgrip ex- 
se without a reduction in ejection fraction esti- 
d by echocardiography,'? acute pressure loading 
isometric exercise in patients with coronary artery 


extent laiat to that pm 

described by Flessas et al.* Howev 
end-diastolic volume were distinctly 
constant heart rate, end-diastolic volume i 
significantly, whereas in the series of Fless 
decrease in end-diastolic volume was obse 
patients. Thus, it appears likely that tl 
end-diastolic volume of the increase in heai 
lowed to occur in the latter patients oversh. 
and more than canceled the increase in left hear 
mensions one would have expected in patients 
festing hypokinetic areas during isometric stres 


Mean Segmental Shortening Velocities in Patients 
Coronary Artery Disease 


Despite the presence of severe coronary artery 
ease, left ventricular performance as assessed by 
ables that reflect overall function, such as: 
stolic pressure, stroke volume, stroke work ¢ 
tion fraction, may be unimpaired at rest as 
during atrial pacing.!4^!61? However, normal cor 
tional hemodynamics do not exclude the presen. 
localized wall motion disorders. Natarajan et al 
ported that of 17 patients with a normal angio 
ejection fraction 9 exhibited a diminishi 
shortening velocity either at the basal or the: 
zone of the left ventricular silhouette. Thus 
tative analysis of segmental contraction appe 
a sensitive technique for detecting abnorma 
ventricular contraction not necessarily reflec 
variables reflecting overall left ventricular functi. 

In patients with coronary artery disease diffi 
patterns of localized contraction disorders a 
have been described.?! Dwyer! and Pasternac 
have extended the analysis of local wall motion 
tients with coronary artery disease by compa 
gle plane right anterior oblique cineangiogr: 
tained at rest with those obtained during rà 
ing. Although both studies showed that atria 
generally accentuated or even produced new 
contraction disturbances, in occasional patients 
pacing induced no wall motion disorders. At 
ing appeared to be somewhat less effective in 
ing regional contraction abnormalities, as e' 
by the mean segmental shortening velocit: 
patients than in the patients studied by D 
Pasternac et al? Although the mean value 
three contraction velocities were smaller duri 
pacing in our patients with coronary artery 
than in the control subjects (Fig. 4), individu: 
for the mean segmental shortening velocity 
basal, middle and apical diameters were be 
range of normal in only three instances for. 
locity (Fig. 5 to 7). These abnormal segment: 
ening velocities during atrial pacing were obs 
six patients, whereby new wall motion disturban 
occurred in five patients. Four of the 10 patie: 
coronary artery disease had mean segmenta or 
ing velocities during atrial pacing within the 


.. range. 


“Additional pressure loading: by hondiib: e 


1 clearly accentuated local motion | abnormali es 












he middle and five at the apical short axes. In only 2 

of the 10 patients did all three mean segmental short- 
ning velocities remain within normal limits during 
ndgrip exercise. The reaction to handgrip in Pa- 
t 16 deserves special comment because paradoxi- 
al motion at the apical segment that was induced by 
al pacing disappeared during isometric exercise 
though the segment remained hypokinetic. In this 
atient one must assume that imbalance between 
xygen supply and demand was not aggravated by 
ditional pressure loading. It may well be that the 
'able increase of 67 mm Hg in mean aortic pressure, 
e largest in either group, had increased coronary 
flow to such an extent that improved oxygen supply 
tweighed the increased demands during handgrip 
exercise. Thus, in an occasional patient with coronary 
tery disease the increase in coronary perfusion 
essure produced by handgrip exercise may be bene- 
al. The importance of coronary perfusion pressure 
minishing myocardial ischemia has recently been 
emonstrated after acute coronary occlusion in the 
onscious dog?? Furthermore, Bruce et al,? who 
valuated the condition of patients with coronary ar- 
tery disease by maximal exercise, found relatively 
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shortening A simplified - measure of left ventricular Mepeate 


seven | segmental horten ing velocities that v were — mild functional 


ormal at each level during atrial pacing, during- 
handgrip three became abnormal at the basal, four at. 
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obic impa | nt. n hypertensive 
patients with either angina or previous infarct. These 


-unexpected observations prompted them to raise the 


question whether the increased perfusion pressure 
might “compensate, in part, for significant stenotic 
or occlusive lesions of the sclerotic coronary arteries, 
or both.” 


Clinical Implication 

To summarize, we found that in patients with cor- 
onary artery disease the addition to rapid atrial pac- 
ing of acute pressure loading by handgrip exercise. 
was a useful maneuver for inducing abnormal short- 
ening velocities in myocardial segments with appar- 
ently normal contractility during pacing. Since the . 


temporarily dysfunctioning, not yet infarcted, myo- > 


cardial areas are those that will most benefit from ' 


coronary bypass surgery,” their preoperative identi- o 


fication is of great importance. Thus, stress testing 
by atrial pacing and handgrip exercise combined with 
angiographic assessment of segmental contractility. 
may serve as a valid guideline for the achievement of- 
full myocardial revascularization. 
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fects of Hypoxemia on the Extent of Myocardial Necrosis. : 
er Experimental Coronary Occlusion 


PAULO RADVANY, MD Arterial oxygen tension is variable in patients with acute myocardi 
PETER R. MAROKO, MD, FACC farction, and the effect of hypoxemia on the extent of myocar 
EUGENE BRAUNWALD, MD, FACC crosis after coronary occlusion has not been defined. In 11 ai 
| tized open chest dogs the left anterior descending coronary a 
one of its major branches was occluded for 20 minutes, and 
epicardial electrocardiographic leads were recorded in the dist 
and vicinity of the site of occlusion. Average S-T segment. 
and the number of sites showing S-T segment elevation great 
mv, 15 minutes after occlusion were used as indexes of the : 
and extent of ischemic injury. After occlusion with an inspired 
concentration of 20 percent these indexes were, respective 
0.5 mv (mean + standard error) and 3.6 + 0.8 sites; the r 
values increased to 3.3 + 0.5 mv (P <0.01) and 6:7 + 0.7 
«0.01) after occlusion with an inspired oxygen concentratio 
percent, and arterial partial pressure of oxygen decreased fro 
to 45 + 3 mm Hg. In 23 dogs the occlusion was maintained 
hours and the S-T segment elevation 15 minutes after occlus' 
compared with myocardial creatine phosphokinase (CPK) acth 
histologic appearance 24 hours later. In control dogs (inspire 
concentration of 20 percent) sites with no S-T segment elevati 
minutes after occlusion showed normal myocardial CPK a ivit 
hours later, whereas in sites with S-T segment elevation ex 
mv there was an inverse relation between S-T segment elev 
each site and its myocardial CPK activity 24 hours later. Histol 
amination revealed early myocardial necrosis in 98 percent ( 
of sites with S-T segment elevation greater than 2 mv. In exp 
dogs (inhaling a 10 percent oxygen concentration for the firs 
24 hours of occlusion) many sites that showed no S-T segment 
tion before hypoxemia was induced exhibited S-T segment 

30 minutes later and showed abnormally low CPK activity 2 

ic evidence of early necrosis. We conclude that after exp 
coronary occlusion, hypoxemia is deleterious because it's 
increases myocardial damage. 


Boston, Massachusetts 


When coronary occlusion occurs in patients or is produced in 
mental animals, the ultimate fate of the jeopardized myocard 
: pends on the balance of energy in the ischemic zone.! Thus, 
n the Departments of Medicine, Harvard in the quantity of oxygen transported to the injured myocard: 
dical School and Peter Bent Brigham Hospi- altering the balance between myocardial oxygen need and av 
nobar a om jen pa ty, are important determinants of the eventual survival of tha 
rt and Lung institute, National Institutes of Recently it has been shown that the production of mod 
1, Bethesda, Md. and a grant from The peroxemia by the inhalation of 40 percent oxygen in exp 
Hartford Foundation, New York, NY... coronary occlusion leads to reduction in infarct size? On. 
cript accepted ten Tu wp, hand, the effects of hypoxemia on myocardial necrosis a 
hool, Bu Sha documented. Accordingly, the goal of this study was to co 
St. Boston, Mass. 02118. ees eles of inhalation. of 10 and 20 percent oxygen concentratic 

































cardial injury and necrosis after experimental 
nary occlusion.? We consider that this is an im- 
ant clinical problem since reductions of arterial 
pressure of oxygen (PO2) commonly occur in 
s with acute myocardial infarction. 





Methods 


were carried out in 33 dogs weighing 17 to 30 kg. 
anesthetized with sodium thiamylal (25 mg/kg 








LENE centrations of inspired oxygen. Closed circles 
OCCLUSION = occlusion with 20 percent oxygen inhalation. | 
5 10 15 20 10250 Open circles = occlusion with 10 percent oxy 
! 3 FA 20% oO. gen inhalation. Time = time in minutes: after 
Time (min) ^e NA, coronary arterial occlusion. Uu 





FIGURE 1. An example of the effect of hypoxia. 
on the number of sites showing S-T segment ei-- . . 
evation and on the average S-T segment eleva- ` 

tion (ST). Right, schematic representation of 
the heart. Ruled area = area of S-T segment __ 
elevation 15 minutes after occlusion during 20 =- 
percent oxygen inhalation. Starred area = area 
of S-T segment elevation 15 minutes after oC- 
clusion during 10 percent inhalation of oxygen. 
Closed circles = sites. where electrograms 
were recorded. LAD = left anterior descending 
coronary artery. Left, comparison between the | 
average S-T segment elevation (ST) in the . 
same animal after two occlusions at two con- 















body weight) with respiration maintained by a Harvard. 

respirator. Thoracotomy was performed in the fifth inter 
costal space and the heart suspended in a pericardial cra- 
cle. The left anterior descending coronary artery or itsapi-. 
cal branch was dissected free from the adjacent tissue and. 
occluded permanently with a ligature or intermittenti 
with a Schwartz intracranial arterial clamp. As previousl 
described,* epicardial electrograms were obtained from 1 
te 15 sites on the anterior surface of the left ventricle dis 
tributed in areas supplied by the occluded coronary artery 










ell as in areas remote to it and presumably adequately 
used. The animals were divided into three groups: 

p 1: Comparison of effects of 10 and 20 percent 

ired oxygen concentrations on acute ischemic in- 

11 dogs two 20 minute occlusions were performed, 

'st with a 20 percent inspired oxygen concentration 


Group 3: Sustained occlusion, 10 f 
concentration: In seven dogs à sust 
carried out during inhalation of 20 pe 
cardial electrograms were recorded 5, 1 
after occlusion. Thirty minutes after occ 
oxygen concentration was changed to 10 


he second, after 60 minutes of reperfusion, with a 10 
ent inspired oxygen concentration. Epicardial electro- 
ams were recorded at 5 minute intervals. The number of 
sites presenting S-T segment elevation greater than 2 mv 
and the mean S-T elevation for all sites were used to ex- 
| press the extent and severity of the injury. Any site that ex- 
hibited a QRS duration exceeding 0.065 second on any sin- 
e tracing (from an average normal of 0.040 second), and 
erefore showing secondary lowering of S-T segment 
height due to QRS-ST-T gradient? was excluded from 
nalysis for the entire experiment. Arterial blood gases 
were determined during each occlusion. 
Group 2: Sustained occlusion, 20 percent inspired 
ygen concentration: Sustained occlusion with inhala- 
tion of 20 percent oxygen was performed in 15 dogs. Epi- 
cardial electrograms were recorded before and 5, 10, 15, 20, 


minutes after occlusion, that is, 15 minutes 

gen concentration was reduced, the epicardial ele 

were repeated. As in Group 2, the chest was the 

The animals were kept on the respirator with an o: 
concentration of 10 percent for 8 hours. They were 
extubated and subsequently respired room air. T 
four hours after occlusion, the dogs were reanestheti 
the chest reopened and the heart excised. Transmu 
opsy specimens were taken for CPK analysis and histo 
study from the same sites from which electrograms 
previously been recorded. Mean arterial PO» during hypo 
emia was 38.5 + 2.5 mm Hg compared with 87.5 4 5 n 
Hg in dogs inhaling 20 percent oxygen. Se 


Results 


and 45 minutes after occlusion. The thorax was then 
osed and the dogs were allowed to awaken. Twenty-four 
ours later they were reanesthetized and the heart was ex- 
ised. Immediately after the excision transmural specimens 
ere taken for analysis of creatine phosphokinase (CPK) 
stivity4® 8 and histologic structure9-? at the sites from 
which electrograms had previously been recorded. During 
1€ 24 hours the animals received 40 ml/kg of normal saline 
lution intravenously. The aortic pressure (Statham 
del P23Db pressure gauge) and electrocardiogram (lead 
F) were monitored in all animals. In the six dogs whose 
rterial blood gases were determined arterial PO» averaged 
87.5 + 5 mm Hg (mean + standard error) 6 hours after oc- 


Group 1 


The reduction of inspired oxygen concentre 
from 20 to 10 percent increased the extent and sev: 
ity of ischemic injury in all 11 dogs. Fifteen 
after occlusion, average S-T elevation was 2.0 
with inhalation of 20 percent oxygen and rose: 
+ 0.5 mv with inhalation of 10 percent oxyg 
«0.01), and the average number of sites with S- 
vation greater than 2 mv increased from 3.6 +. 
6.7 + 0.7 sites (P <0.01) (Fig. 1); mean heart ra 
142 + 6.9 beats/min and 140 + 5.5 beats/min (not 
nificant), mean arterial pressure 118 + 7 and 129 
mm Hg (not significant) and mean arterial POs $ 


IGURE 3. Representative photomicrographs of hematoxylin and eosin-stained sections (reduced from X 125) 24 hours after occlusion 
‘epicardial electrograms obtained 15 minutes after occlusion in the same sites. A, electrogram and histologic section from.a site 












icn at these two levels of eral oxygen (Fig. 2). 
hus, hypoxemia increased the extent and magni- 
myocardial ischemic injury. 


Ogs exposed only to 20 percent oxygen inhala- 
ites remote from the occluded area with normal 


Comparison of myocardial CPK values 24 hours after 
rterial occlusion in sites with no S-T segment elevation in 
oup (left column), and the hypoxic group in sites that 
egment elevation either before or after inhalation of 10 
i oxygen was instituted (middle column) and in sites that had 
-T segment elevation during inhalation of 20 percent oxygen but 

owed S-T segment elevation 15 minutes after the reduction to 





‘eduction. in CPK activity in sites that showed S-T segment 


Bars Teprasent standard error Of the mean. 








































AREA OF INJURY (15 min) 
[EE] AREA OF INJURY (45 min) 


gen concentration of 10 percent (right column). Note ihesig- . 


for the first time 15 minutes after inhalation of 10 percent Yt value simila to thai C btain d from sites without 





n between S-T segment- 
; after occlusion during in- 
; f ygen.. 45 minutes after . 
inhalation. of. 40 percent oxygen. was started 
and myocardial creatine phosphokinase activity 
{CPK} and histologic appearance 24 hours later. * 
Left, schematic representation of the heart. 
Ruled area = area of S-T segment elevation 15 
minutes after occlusion during inhalation of 20 
percent oxygen. Starred area = area of S-T 
segment elevation 15 minutes after the reduc- 
tion to an oxygen concentration of 10 percent. 
LAD = left anterior descending coronary artery. - 
Right, comparison of S-T segment elevations; ^ 
CPK activity and histologic appearance 24 
hours later. Note the increase in the area of S-T 
segment elevation after breathing of 10 percent . 
oxygen and the reduction in CPK activity and: : 
histologic appearance of early myocardial ins ; 
farction. . 
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S-T segments or elevation of less than 2 mv had nor- 
mal CPK activity (33.1 + 6.0 [1 standard deviation] | 
IU/mg of protein). Sites with intermediate levels of . 
S-T segment elevation of 3 and 4 mv had CPK activi- 
ty of 16.3 + 4.0 IU/mg of protein, whereas sites with : 
marked S-T segment elevation (5 mv or greater) had 
further depressions of CPK activity to 11.8 + 30. 
IU/mg of protein. AR 

Histologically, sites with normal S-T segments or _ 
only minor elevations (0 to 2 mv elevation) 15 min- 
utes after occlusion had normal myocardial structure | 
in 96 percent of specimens (24 of 25) (Fig. 3A); sites - 
with greater S-T segment elevation exhibited early © 
signs of myocardial necrosis in 98 percent of speci-. 
mens (82 of 84). The latter findings included more. 
pronounced eosinophilic appearance, loss of muscu- 
lar cross striations, karyolysis, karyorrhexis and leu- 
kocyte infiltration (Fig. 3B). 





Group 3 


In this group the inspired oxygen concentration 
was reduced from 20 to 10 percent 30 minutes after a 
sustained occlusion and this reduced level was con- . 
tinued for 8 hours. Average S-T segment elevations _ 
were increased 15 minutes after the reduction, as - 
noted previously in dogs in Group 1. In each animal . 
the number of sites with S-T segment elevation _ 
greater than 2 mv also rose. Sites in which abnormal . 
5-T segment elevation first developed during inhala- 
tion of 10 percent oxygen exhibited 24 hours later de- 
pressed CPK activity and histologic findings of early. 
myocardial necrosis (Fig. 3C and 4, site F); sites 
which S-T segment elevations did nt: develop did 
not show these findings. Mean. pens 4 





















Qog ipm 5), i 





cent Loren tiisouphaet the sui. However sites 
owed 0 to 2 mv S-T segment elevation during A 
ion of 20 percent oxygen and manifested sig- 


cant S-T segment elevation (5.2 + 0.5 mv) 15 
tes after the oxygen concentration was reduced 
10 percent (that is, sites on the periphery of the 
lly injured zone) exhibited depressed CPK ac- 
vity, 18.1 + 3.2 IU/mg protein (P «0.001), 24 hours 
r even though the reduced inspired oxygen con- 
entration was maintained for only 8 of the 24 hours 
(Fig. 5). At sites that already had a 5.3 + 0.5 mv S-T 
‘segment elevation with inhalation of 20 percent oxy- 
gen, the reduction to an inspired oxygen concentra- 
‘tion of 10 percent resulted in a CPK value of 11.6 + 
.5 IU/mg protein 24 hours later (compared with a 
alue of 15.7 + 0.9 IU/mg protein in dogs with the 
ame S-T segment elevation inhaling a 20 percent 
'gen concentration throughout the study). 


Discussion 


Since infarct size may be affected considerably by 
he hemodynamic status and neurohumoral back- 
round during and for several hours after coronary 
erial occlusion, identification of conditions that 
re deleterious and increase infarct size is of poten- 
ial clinical importance. The balance between oxygen 
pply and demand may be decisive in determining 
extent of myocardial necrosis after coronary arte- 
I occlusion.!-^ This oxygen balance can be altered 
nfavorably by increasing myocardial oxygen re- 
irements. Indeed, it has been demonstrated that 
hterventions that augment myocardial oxygen de- 
-mánds by either a positive inotropic or a positive 
chronotropic effect, such as administration of isopro- 
terenol, glucagon, digitalis in the nonfailing heart, 
use of bretylium and inducement of tachycardia, are 
mown to increase the size of infarcts after coronary 
clusion. +4910 
Hypoxemia i is a common finding in patients with 
ite myocardial infarction. It occurs mostly when 
ngestive heart failure or cardiogenic shock develops 
t has also been found in their absence when pul- 
onary ventilation/perfusion imbalance, impaired 
diffusion or venoarterial shunting occurs.!!-1? More- 
er, hypoxemia not consequent to acute myocardial 
farction is commonly found in patients with under- 
ng pulmonary disease. The purpose of our investi- 


gation was to study the effect m 

is commonly found in patients nt 

infarction and which decreases 

and thus unfavorably alters the bala 

gen availability and demand. We « 

poxemia increased both the exten: 

ischemic injury, a finding in accor 

tions of Yoshikawa et al.**Our i 

demonstrated that hypoxemia increas 

irreversible myocardial injury, that is, 

infarct, as reflected by depressed r 

activity and the histologic appearan 

cardial infarction 24 hours after occ 

that on the basis of extensive observ. 

have been expected to show such chan 
Mechanism of effects of hypox 

findings can be explained in the light o: 

tion that myocardial necrosis is not a hom: 

process; that is, the ischemic area is compos: 

with different degrees of injury.!? Therefore, this 

erogeneity of cell injury is mainly due to the hetero 

geneity of the reduction in flow to the different cell: 

Thus, it is likely that the degree of oxygenation vari 

within the area in which blood supply is reduce 

that myocardial cells at the periphery of the in. 

area that obtain sufficient oxygen to permit sur 

when the arterial PO» is normal will be injured: 

arterial hypoxemia develops. An additional fa 

that alters the balance between oxygen supply . 

demand unfavorably is the increased myocardia 

tractility,/6-18 and hence increased myocardial 

gen consumption, induced by hypoxemia. . 
Clinical implications: Although these fin 

should be extrapolated cautiously to patients, 

do suggest that oxygen therapy and other mei 

designed to prevent reduction of arterial PO; i 

tients with acute myocardial infarction are bene 

not only by improving oxygen transport to ex 1 

diac tissues!929 and by reducing ventricular irri 

ity, but also by helping to limit the extent of myo 

dial necrosis occurring as a consequence of acute : 

onary occlusion. 
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D gitalis in Experimental Acute Myocardial Infarction 
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pieta was poured in part by a Fel- 
rom the: pouting rompan 


The effects of digoxin (priming dose of 0.04 mg/kg body weigh 
lowed by infusion of 0.02 mg/kg per min) on local tension and 
characteristics of the nonischemic, border and ischemic left ve 
lar zones were studied in 30 dogs using Walton-Brodie strai 
arches and mercury-in-Silastic segment length gauges. Total ter 
the nonischemic zone increased to 130.9 + 5.3 percent (P < 
the control level in association with parallel changes in preejectio 
ejection tension and rate of rise of tension when infusion of | 
was instituted 15 to 30 minutes after ligation. Consistent incre: 
tension variables were noticed when infusion of digitalis was 
45 to 60 minutes or 2 to 3 hours after ligation. Segment le 
mained unchanged. In the border zone, total tension decreased 
+ 5.9 percent (P <0.01) 15 to 30 minutes after coronary o 
and increased to 106.8 + 9.7 percent (P <0.01) after infusion 
talis. When infusion of digitalis was instituted 45 to 60 minutes 
hours after occlusion, similar increases in total tension and o 
sion variables were seen. Segment length again showed no signi 
changes. There was an increase in total tension in 5 of the 12 isc 
zones studied when digitalis was infused 15 to 30 minute : 

nary arterial ligation, whereas a consistent (3 to 5 percer 

in tension was observed when infusion of digitalis was institut 
60 minutes and 2 to 3 hours after coronary occlusion. There 
crease in segment length. In summary, digitalis uniformly i 
contraction of the nonischemic and border zones after coronar 
al ligation, but the effects on contraction and aneurysmal bulging 
ischemic zone were minimal. 


Substantial controversy exists regarding the effects of digital 
ventricular function in acute myocardial infarction in bot! 
mental animals!'-4 and patients? Data concerning its 
more localized areas of partially or totally ischemic myocar 
ments are scanty. Aldinger!® has shown that ischemic my 
exhibited greater myocardial tension in a group of dogs p 
with digitalis than in an untreated group after acute coronar 
ligation. However, Maroko et al.!! have indicated that digi 
immediately after acute coronary ligation increases infarct 
termined by the S-T segment elevations of local epicardia 
grams and myocardial creatine phosphokinase (CPK) activity. 
To date there has been no systematic study of the local 
effects on the ischemic myocardium produced by digitalis 
tered at various time intervals after. coronary ligation. This 8 
therefore undertaken to examine changes in both seg 
and length. of the inbemlo, border and honiseban i 


cut te coronary occlusion. 








Percent Change. 
























Materiai and Methods 


periments were performed in 30 mongrel dogs weigh- 
to 30 kg and. anesthetized with intravenously admin- 
d sodium pentobarbital (30 mg/kg body weight). 
intermittent positive pressure respiration, a thora- 
cotomy was performed with a mid-sternal incision. The 
heart was supported in a pericardial cradle. A polyethylene 
was introduced through an external jugular vein for 
travenous infusion. Central aortic pressure was moni- 
ed through a wide-bore stiff catheter introduced 
ugh a common carotid artery with use of a P23 Db 
ansducer. 
he left anterior descending coronary artery was isolat- 
cm distal to its origin. Local electrograms from the po- 
ntially ischemic, border and nonischemic zones were re- 
rded by inserting three pairs of fine Teflon®-coated 
inless steel wires, one in each zone. Transient ischemia 
produced by obstructing the left anterior descending 
ronary artery momentari!y while local electrograms were 
orded to define zones of central ischemia, border and 
onischemic areas.!? The ischemic zone showed marked 
' segment elevations in local electrograms. The border 
one exhibited S-T segment depression and T wave inver- 
ion (similar to those of a zone of injury"). No S-T seg- 
tor T wave changes were observed in the normal zone. 
oronary occlusion was released immediately and the 
allowed t for 10 minutes. The local electro- 
aria control levels in this period. 


































% t a 2 * 
be Ya? 7, 
x S. 3. % X 
Dos POR a OX 4% % 
s e t. Y Q (CN * 5x 
vo AA if Y. $^ e 
S e. $. 9 9% 1$ 9 
9 'O 9, ^. 9 7€ 
21 7? 06 1, 3, 
^ 4% gs i as 


Total tension in nonischemic zone before and after coronary arterial ligation and infusion of digoxin in groups | (left), I (center) and M 
ll three groups demonstrate significant increases in total tension after ligation. Vertical bars indicate standard error of the mean. 


«ge arches of 120 ohm 


resistance with adjustable feet were fixed with deep sutures. 
in the ischemic, border and nonischemic zones.!? The myo-. 
cardial segment under the two feet of each strain gauge 
arch was stretched by 30 percent of its initial length. The 
rate of tension rise (dT/dt) was measured using a linear re- | 
sistance-capacitance differentiating circuit from each _ 
zone? A mercury-in-Silastic® tubing segment length 
gauge* 1214 ranging in length from 1.5 to 2 cm was sutured. 
adjacent and parallel to the strain gauge in each zone to. 
monitor concurrent changes in segment length. Standard 
lead II of the electrocardiogram was monitored throughout. 
each experiment. All records were taken simultaneously on 
an Electronics for Medicine multichannel oscilloscopic re- ~ 
corder at a paper speed of 100 mm/sec. ds 
The experiments were divided into the following groups: 
Group 1 (12 studies): (a) digitalization instituted 15 min- 
utes after coronary occlusion (8 studies), and (b) digitaliza 
tion instituted 30 minutes after coronary occlusion (4 stud. 
ies). EE 
Group II (9 studies): (a) digitalization 45 minutes after 
coronary occlusion (2 studies), and (b) digitalization 1 hour 

















after coronary occlusion (7 studies). ^. PII 
Group TIT (9 studies): digitalization 2 hours after coro-. 

nary occlusion. eas AS Sa 

Tension and: 






















fter until the onset of digitalis toxicity; the latter 


ned as the onset of ventricular tachycardia (more — 2 
consecutive ventricular premature beats) or the — 


ent of atrioventricular block. 
was administered initially as a priming dose of 
kg body weight and then as a constant infusion of 
g/kg per min until the onset of toxicity. Experiments 
owed a significant change in systemic blood pressure 
sronary ligation were excluded from the study. 
e following variables!?-1? were measured and inter- 
yreted as percent change from control levels (before coro- 
nary occlusion): (1) preejection tension, (2) ejection ten- 
ion, (3) total tension, (4) rate of rise in tension (dT/dt), 
and (5) phasic segment length. Statistical analysis was per- 
ormed by paired t test. 
"At the end of each experiment, 2 cc of methylene blue 
dye was injected into the left anterior descending coronary 
artery immediately distal to the site of occlusion to ascer- 
tain the area of left ventricular myocardium it subserved 
and to confirm that the gauges were placed correctly with 
respect to each zone. 


Results 


Control: A detailed description of tension and seg- 
int length alterations in the ischemic, border and 
jnischemic ventricular zones after acute coronary li- 
ition has been reported previously.!? In the isch- 
mic zone preejection tension decreases to 59.2 + 8.0 
rcent (mean + standard error of the mean) (P 
001), and the rate of tension rise (dT/dt) to 45.3 + 
3 percent (P <0.001) within the first 15 minutes of 
coronary ligation followed by a more gradual further 
decline up to 4 hours. Ejection tension also decreases 
immediately after coronary occlusion showing a nega- 
tive slope on the tension curve, which returns to zero 
30 to 60 minutes after ligation. Segment length in- 
creases by 138.0 percent (P <0.001) in the first 15 to 
30 minutes and then shows a gradual decline to 105.0 
percent of the control value 4 hours after ligation. 
he border zone manifests decreases in tension and 
creases in length similar to those of the ischemic 
zone but the changes are of considerably less magni- 
ude. Ejection tension in the border zone does not 
show a negative slope. The nonischemic zone shows 
significant changes.'? 
.Intravenous digitalization produced the following 
ects: 
_ Effect of digitalis on the nonischemic zone: The 
.nonischemic zone showed a variable change from a 
mild decrease to a mild increase in total tension after 
coronary occlusion in individual experiments (Fig. 1). 
.However, the changes were not statistically signifi- 
ant when averaged for the group as a whole. Figure 1 
monstrates the effect of digitalis on total tension in 
schemic zones for each group of studies. In group 
tal tension declined to 87.7 + 4.7 percent of the 
rol value after coronary ligation and then in- 
ed to 130.9 + 5.3 percent (P.«0.001) with ad- 
stration of digitalis. In experiments in groups H 
III a consistent increase similar to that in Group 


vas observed in total tension of the nonischemic - 


GROUP | Diginiusion started 15.ond 30 ein. 


msi 
Lj control : 
betore digoxin infusion 


mox. effect during digoxin infusion. 


PERCENT CHANGE 





GROUP Ili (Dig. infusion started 120 minutes ofer coron ory ligation] : 
144.4* 126.5** 


PRE-EJECTION EJECTION 
TENSION TENSION TENSION i 
FIGURE 2. Effect of infusion of digoxin (Dig.) on preejection te 
ejection tension, totai tension and rate of tension rise idT/dt 
nonischemic zone in the three groups of studies. Max = ma 
sem = standard error of the mean. i 


zone (Fig. 1). Other tension variables, that is, preej 
tion tension, ejection tension and rate of tension T 
(dT/dt), showed parallel increases (Fig. 2). —. 
Segment length, which was 99.0 + 13.5 perc 
the control value after coronary occlusion, ch 
little (to 100.0 + 17.2 percent) after infusion o 
talis. i 
Effect of digitalis on the border zone: Fi 
illustrates the effect of infusion of digitalis oi 
tension of the border zone in each group of ex 
ments. Coronary ligation produced a signific 
«0.01) decline in total tension of the borde 
Infusion of digitalis caused an increase of tot 
sion from 68.9 + 5.9 percent of the control 
106.8 + 9.7 percent (P «0.01) in studies in gro 


































percent of the control level to 95.0 + 5.0 
(P. «0.001), the change being consistent in all 
€ its. In studies in group III, there was an av- 
crease from 68.0 + 5.7 percent to 85.3 + 10.0 
' €0.01) in total tension. However, 1 of the 
'der zones studied in this group showed a dete- 
n total tension from 68 to 59 percent of the 
vel (Fig. 3). Preejection tension increased 
x 8.5 to 68.5 + 11.7 percent (P «0.01) in 
I, from 60.2 + 12.4 to 84.6 + 9.8 percent (P 
roup II and from 61. 129.7 to 83.2 + 14.4 
? <0.01) in group III (Fig. 4). Rate of ten- 
in rise (d T/dt) showed changes parallel to those of 
tion tension (Fig. 4). Ejection tension in- 
from 98.5 + 12.9 to 168.0 + 31.9 percent (P 
in group I, from 70.1 + 7.6 to 110.0 + 12.8 per- 
<0,001) in group II and from 77.4 + 11.1 to 
16.2 percent in group III. 

nt length did not change significantly with 
of digoxin. In group I, segment length in- 
to 168.0 + 26.8 percent of the control value 
onary ligation. After infusion of digitalis, it 
d to 163.0 33.2 percent, It increased from 
10.5 to 115.0 + 15.0 percent in group H and 
20.8 + 8.5 to 129.2 + 11.6 percent in group III. 
egment length were not dc esEd sig- 
ny group of studies. 

of digital on the hime: zone: ere 






^N (1 
5 e DEN EC EV ES EN digoxin on total tension of the. 
t XN $ d y 39 border zone in groups | (left), a 
4 D, A D * (center) and IIl (right). : 










& FIGURE 3. Effect of infusion of 


I, 5 showed a considerable increase in total tensi 
whereas the other 7 exhibited continuing declir 
When the data were analyzed as a group, the che ge 
in total tension was not statistically significant. Ir 
group II, six of eight ischemic zones showed a conti 
uous decline in total tension. The other two zones ex 
hibited a mild (5 + 1 percent) increase in total tenio 
sion. In group HI only one of the eight ischemic zones . 
showed an increase in total tension with digitalis; the mud 
other seven zones continued to show a mild decline. 
Preejection tension increased from 58.3 + 6.9 to 64,3. __ 
+ 13.1 percent (P >0.2) in group I (Fig. 6). However, < 
in group II it declined from 57.8 + 11.6 to 54.0 € 9.6. — 
percent and in group III from 51.3 + 6.4 to 45.6 +:7.9 
percent. Rate of tension rise (dT/dt) exhibited _ 
changes similar to those of preejection tension (Fig. 
6). Ejection tension declined to zero level after coro: 
nary occlusion in each group of studies and remained _ 
unchanged with infusion of digitalis (Fig. 6). Wu 
Segment length in the ischemic zone was 178.8 + 
15.6 percent after coronary occlusion in group land it — 
decreased to 156.6 + 15.5 percent (P «0.05) after | 
infusion of digitalis. In groups IT and III, itincreased 
from 182.5 + 39.6 to 201.5 + 37.9 percent and from 































increase in groups II and HI was not t sta stically sig- 
nificant E 20. zs AR m 
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JRE 4. Effect of infusion of digoxin on pre- 
ection tension, ejection tension, total tension 
‘ata of tension rise (dT/dt) of the border 


VI. 


GILERA 


p 


in.the three groups of studies. Abbrevia- PRE-EJECTION 


tions as in Figure 2. 


anges in heart rate, systemic blood pressure or left 
entricular end-diastolic pressure were observed 
throughout the period of digoxin infusion. 


Discussion 


Digitalis and contractile performance after 
eoronary occlusion: Several experimental and clini- 
cal studies have raised controversy regarding the ef- 

ects of administration of digitalis in acute myocar- 

al infarction and left ventricular dysfunction.'-9!! 
- information is available regarding the manner 
which digitalis affects local contractile perfor- 
ce of the ischemic myocardium and the sur- 


ounding border zone under these circumstances. Our 


TENSION 


minutes of coronary occlusion.!? Thus, t 
inotropic response within this time period is 
tent with the previous observations on viab 
ischemic zone after coronary occlusion wit 


sion of digitalis did not induce a positive ino 
sponse in the ischemic zone and, in fact, a gr 
cline in all tension variables was observed. 
cline was comparable to the deterioration 

tile ability in this zone during coronary 
alone..? oo WO cese 
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15 MINUTES MAXIMAL EFFECT DURING 


DIGOXIN INFUSION (2.0 mgl ; 


(BEFORE DIGOXIN INFUSION) 


IGURE 7. Simultaneous recordings of rate of tension rise (dT/dt) from the border zone, tension from the nonischemic, border and 
nes, segment length from the border and ischemic zones, aortic pressure and electrocardiogram (lead Il). After coronary arterial liga 
hemic zone shows a decrease in preejection tension with a flattened ejection phase accompanied by a marked increase in segment 
hing. The border zone manifests decreased tension and rate of tension rise and an increase in segment lengthening. The normal 
changed. The curves obtained during maximal effect of the infusion of digoxin show that both the nonischemic and border zones de 
'significant increase in tension without an associated change in segment length when compared with curves obtained after coronary 


tion. Tension and length in the ischemic zones show no change. 


nitude as that of the normal zone (Fig. 3, 1). This in- 
dicates that the improvement in contractile ability of 
the left ventricle due to digitalis after coronary occlu- 
sion is due to enhancement of both border and non- 
hemic zone function. These findings are consistent 
ith the recent observations of Puri," who demon- 
strated improved fiber shortening in the "intermedi- 
ate zone" with ouabain infusion instituted 15 min- 
utes after coronary occlusion. 
It has been suggested that administration of digi- 
talis could theoretically cause an actual increase in 
» amount of aneurysmal bulging of the ischemic 
one.’ This was shown not to be the case in our study 
since segment length was unchanged in the ischemic 
‘gone and actually decreased in the border zone (Fig. 
"T. 
- Several experimental precautions were taken in 
these studies to keep constant those factors that 
could alter the strain and length gauge measure- 
nts: (1) The orientation of the gauges!? and their 
elative position on the left ventricle were the same 
all experiments. (2) Significant drift in the base 
ne has been reported previously with the mercury- 
Silastic length gauges.'4 Although base-line drift 


experiments was infrequently observed, care _ 


as taken to analyze only those tracing areas | 
d a consistent bare line. (3) The mercur 


howed a cons st ) The mercury-in 


Silastic length gauges were examined before ai 
each experiment to determine the magnitud 
sponse to a measured stretch.!^ (4) Blood Į 
was continuously monitored throughout eacl 
and experiments in which a significant alter 
afterload was noticed were excluded from an 
Nonfailing vs. failing heart: Experiment 
ies by Maroko and co-workers! 1? indicati 
talis increases the severity and extent of i 
jury in the nonfailing heart, whereas it redt 
extent of ischemic injury in the failing heart. 
ferential effect of digitalis on the failing a 
failing heart appears to depend upon th 
change in the balance between myocardial ox; 
mand and supply. The increase in borde 
sion in our study suggests that digitalis dee 
size of the functional abnormality. p 
Clinical implications: It is always difficul 
trapolate data from experimental studies 
tized animals to the clinical situation. In this re 
our study was designed to examine regional m 
dial effects and not overall cardiac function. 
tion, patients with acute myocardial in 
congestive heart failure may have | 
traction abnormalities not present in 
-tal model. The clinical use of 
nto account its arrhythmoge 





in patients with left ventricular dysfunc t ) 
y to acute myocardial infarction. ^. 
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eft Axis Deviation and Left Anterior Hemiblock 
mong 8,000 Japanese-American Men 


ATSUHIKO YANO, MD Electrocardiographic patterns of left axis deviation 

TEPHEN M. PESKOE, MD* hemiblock, defined by a frontal plane QRS axis of 

—45° to —90°, respectively, with normal QRS durati 

be fairly common (2.6 and 1.5 percent, respectiv 

population of 8,000 Japanese-American men aged 

onolulu, Hawaii More than 60 percent of men with these electrocardio: 

m ; had no other cardiovascular abnormalities, and the inci 
or nonfatal coronary heart disease and stroke in this | 
servation periods of 3 to 6 years was not significant 
that of control normal men. 

A significant association was found between these 
graphic patterns and the prevalence of hypertension, 
farction and stroke. However, the association of myo 
with left anterior hemiblock appeared to be coinciden 
tributed largely to the similarity of the electrocardiograph 
tions of left anterior hemiblock and inferior wall myocar 
Men with left axis deviation were fatter and had higher blo 
than the control population. No such difference could be de 
for men with left anterior hemiblock although this group. was 
cantly older than control subjects and men with left axis deviati 
The results of our study suggest that there are qualitative 

ences between the causative mechanisms and clinical features ; 
axis deviation and those of left anterior hemiblock. 


OSEPH O. MOORE, MD' 
BRAHAM KAGAN, MD 


The electrocardiographic pattern of marked left axis deviati 
mean QRS axis of —30? or less (more negative) in the fron 
has been recognized as a sign of cardiac disease since the ear. 
clinical electrocardiography. In recent years particular at 
been paid to the relation of this pattern to interruptio b 
or division of the left bundle branch, especially since Rosenbe 
his co-workers!-4 postulated the concept of hemiblocks. T ey 
terized the typical electrocardiographic manifestations of 
or hemiblock as superior and leftward shift of the frontal plai 
axis beyond —45?, usually around —60?, the presence of a norm 
; wave in leads I and aVL, an rS wave in leads II, HI and aV 
m the Honolulu Heart Study, Honolulu, Ha- QRS duration of less than 0.11 second. 
i. This study was supported by Contract PH- Many studies?-!! involving electrocardiographic and: pa 
HLI-65-1003-C NO1-HL-5-1003 from the correlations have demonstrated a high prevalence rate of my: 
anal ene hac. MÉ. Henuecr kis fibrosis or infarction in patients with an electrocardiogra; 
October 23, pers es i of either marked left axis deviation or left anterior hemib 
ni eren 2905 West 33rd St., indi- pathologic changes have generally been attributed to co 
erosclerosis and less commonly to hypertensio car 
congenital heart disease or miscellaneous rare con 
: elatively little is known about the fr 
iation and left. anterior hemibloc 
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FRONTAL PLANE QRS AXIS (degrees) 


IGURE 1.. Frequency distribution of frontal plane QRS axis for nor- 
| men, aged 45 to 54 and 55 to 69 years. Figure excludes 20 men 

an axis of less than —90° and 12 men with an axis greater than 
09... 


lese electrocardiographic findings are fairly 
n among apparently healthy people and do 

sssarily have ominous implications. Thus, 
urn et al.!? reported in an international epi- 
logic study of coronary heart disease among 
e-aged men that left axis deviation might be a 
benign concomitant of aging rather than an indicator 
of latent coronary artery disease. Ostrander!? found 
in subjects in the Tecumseh population study that 
ft axis deviation as an isolated abnormality ap- 
ared to be benign in terms of association with risk 
ctors of coronary heart disease and prognosis dur- 
the course of a 4 year observation period. Seavey 
exton!* also demonstrated from actuarial data 
























epidemiologic 


has been conducted since 1965. This report is con- 


cerned with the prevalence, clinical features and  . 


prognosis of left axis deviation and left anterior hem- d 
iblock in the Honolulu Heart Study population with. - 


special reference to the differential behavior of these 


two electrocardiographic patterns. 


Methods 


The details of general design and methodology of the . 
Honolulu Heart Study have been described. elsewhere.!5 
Electrocardiograms were obtained routinely at the initial 


examination carried out from 1965 to 1968. The frontal |. 


plane electrical axis was determined in the Laboratory of 
Physiological Hygiene, University of Minnesota. For the 
present analysis a list was obtained of all persons with an 
electrical axis of —3C° or less (more negative). The electro: < 
cardiograms of these subjects were reviewed, and the QRS 
axis was measured again after exclusion of subjects with a 
QRS duration greater than 0.10 second. 
Since the conventional method of determining the fron- 
tal plane QRS axis using only one pair of standard limb .__ 
leads was found to be sometimes unreliable,!® a repeat — 


measurement was made for each electrocardiogram by av- V 


eraging values obtained through three pairs of mutually 
perpendicular leads (I and aVF, H and aVL and Ill and 
aVR) according to the method suggested by Laiken et al! ^ > 


The amplitude rather than the area of main positive and . a 


negative deflections of each QRS complex was measured, 


and the net amplitudes of three or four representative com- Ps j 


plexes were averaged for each lead. 

All subjects with a frontal plane QRS axis of —30? to. 
—90* confirmed by the repeat measurement were then clas- 
sified into two groups, —30? to —44? (left axis deviation) 
and —45? to —90* (left anterior hemiblock). Subjects in 
each group found to have no evidence of overt heart dis- 
ease, stroke, hypertension (systolic pressure exceeding 159 
mm Hg or diastolic pressure exceeding 94 mm Hg on each 
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study of coronary heart disease and stroke among ~ 
8,000 Japanese-American men aged 45 to 69 years ` 


lence | t Left Axis Deviation and Left Anterior Hemi Jock 


: "titel - LAD—Total 


Population (no) 


1832 
2792 
1593 
1338 

451 
8006 


— LAD—isolafed* 





LAH-— Total LAE Isl 


% 





1.83 





solated cases of LAD or LAH excluded all persons with overt heart disease, stroke, hypertension (blood pressure 160/35 m 
enter) or other electrocardiographic abnormalities at the initial examination. 
= left axis deviation (—30° to —44°); LAH = left anterior hemiblock (—45° to —90°). 


hree determinations) or other electrocardiographic ab- 
ties at the initial examination were considered to 
M an isolated abnormality. 


Results 


requency distribution of frontal plane QRS 
This distribution is shown in Figure 1 for men 

red 45 to 54 and 55 to 69 years without hypertension 
ther known vascular or pulmonary disease. There 
clear skew to the left (negative values of axis) in 
h age groups. Since no sharp break point is dis- 
‘ble in either of these distributions, we have used 
entional clinical criteria for the definition of left 
eviation (—30?) and left anterior hemiblock 


revalence of left axis deviation and left ante- 
hemiblock: A total of 330 men were confirmed 
ve a frontal plane QRS axis of —30? to —90? and 
QRS duration of 0.10 second or less among the 
006 men aged 45 to 69 years examined at the initial 
mination of the Honolulu Heart Study. They con- 
ted of 211 men with left axis deviation (—30? to 
44?) and 119 men with left anterior hemiblock 
45° to —90°). The electrocardiograms in Figures 2 


and 3 show, respectively, left axis deviation. an 
anterior hemibiock. 

The overall prevalence rate was 2.6 percent f 
axis deviation and 1.5 percent for left anterior! 
block (Table D. When combined, these two g 
ranked third in the frequency of electrocardiogr 
findings, following nonspecific ST-T abnor 
and increased QRS voltage. The abnormality 
lated in 138 cases (65 percent) of left axis de 
and 70 cases (60 percent) of left anterior he 
The age-specifie prevalence rates were greater 
axis deviation than for left anterior hemib 
every 5 year age group except the oldest group 
69 years). A tendency of prevalence rate to in 
with age was somewhat more prominent inm 
left anterior hemiblock than in those with lef 
deviation. 2 

Clinical characteristics associated wi 
axis deviation and left anterior hemibloc! 
initial examination: Table II compares the fi 
cy of these characteristics in the study groug 
the rest of the Honolulu Heart Study cohor 
subjects). Hypertension was defined as systol 
sure exceeding 159 mm Hg or diastolic pressu 









































(total no. 





% 


history of heart attack 7.6 
history of. stroke 


by electrocardiogram 4.3 
ubtful by electrocardiogram 4.3 
E 6 2.8 


Control Subjects* 
total no = 119). (total no. = 7676) 


x? Test} 











ons without left axis deviation or left anterior hemiblock at the initial examination. 


t for definition. 


| x? test between men with left axis deviation or left anterior hemiblock and controls: Not significant (NS) = P 70.05 


)05; ++ = P «0.01: +++ = P «0.001. 


ardial Infarction Associated with Left Axis 
| Left Anterior Hemiblock 





left axis deviation; LAH 
myocardial infarction. 


= left anterior hemiblock; 


ing 94 mm Hg on each of three determinations. 
artensive heart disease was defined by hyperten- 
ith electrocardiographic evidence of left ven- 
hypertrophy (tall R wave plus ST-T changes 

t precordial leads) or left ventricular strain 
th S-'T segment depression and T wave inversion 
dial leads). Positive myocardial infarc- 
ardiogram was identified by a promi- 

QS pattern corresponding roughly to 


w ‘diagnosed bya less prominent Q or QS 
sorresp ding to the revised Minnesota code, 


were significantly more common only in men with 
left axis deviation. Furthermore, 14 of the 18 men - 
with electrocardiographic evidence of positive or. 
doubtful myocardial infarction and left axis devia- 
tion had a supportive history of chest pain, whereas. 
only 6 of the 13 men with left anterior hemiblock had 
such a history. 

Proportion of inferior myocardial infarction in. 
two groups: Since inferior wall myocardial infarction 
may result in a marked upward shift of the QRS axis, 


. it is at times difficult to determine whether a single 
tracing such as that shown in Figure 4 is a manifesta- 
tion of inferior myocardial infarction or whether it _ 
represents coexistence of left anterior hemiblock and. ` 


inferior myocardial infarction. Accordingly, to evalu- 
ate the validity of statistical association of myocar- 
dial infarction with left axis deviation and left anteri- 


or hemiblock, the proportion of inferior infarctions in . ; 
these two groups was scrutinized (Table III). Inferior ~. 
infarction with a deep Q wave or QS pattern in leads 


II, III and aVF accounted for 7 of 20 (35 percent) — 


cases of left axis deviation associated with electrocar- . . 
diographic evidence or a positive history of myocar- DE 


dial infarction, whereas the proportion of inferior it 
farction was twice as common (11 of 16, 70 percent) . 
in cases of left anterior hemiblock. In addition, all 


baie svidanae: Exclusion o 
would negate the statisti 








a. a 
E. 























'IGURE 4. Electrocardiogram revealing left anterior 
iblock accompanied by old inferior myocardial in- 











yng the two study groups and the control group, Table IV presents age-adjusted mean 
ustment for mean values was necessary since standard deviations of such measu 

nean age (+ standard deviation) of men with left subjects with left axis deviation an 
rior hemiblock (56.6 + 5.6) was significantly hemiblock and for control subjects. In r 

r than that of men with left axis deviation (55.1 axis deviation mean values for body weight, 

) and control subjects (54.4 + 5.6), and most of weight (see reference 19 for definition), sum 
variables were age-related. The adjustment was fold thickness measured at the left subscapul 
ormed by direct method using the age structure triceps regions and systolic and diastolic blood p: 
he entire study cohort as the standard. sure (obtained by physician on the last of thr 





Left Axis Deviation Left Anterior Hemiblock 
= 211) (no. = no 


Variable t Test$ Mean SD t Test$ 





inding height (inches) : : NS 64.2 

ng height (inches) : ; NS 34.0 

depth (cm) A . NS 19.2 

ial diameter (cm) . . NS 37.9 

NS 29.0 

+++ 138.5 

+++ 111.8 

+++ 23.5 

++ 139.0 

+++ 84.5 

NS 221.0 NS 

tum uric acid (mg/100 ml) i : NS 6.0 NS 

rum glucose, 1-hr post 50 g : ; NS 162.8 . NS 
glucose foad (mg/100 ml) 


NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 


pos 7 
m SR o lD n e m o 
BUN DMONMNAWwWH Mo 


NS . NS 
NS : ; NS 
NS . : NS 






























































lence of Coronary Heart Disease and Cerebrovascular 
cidents in Men with Isolated* Left Axis Deviation or _ 
* Left Anterior Hemiblock and Control Group 

During Follow-Up Period | 








Control 
LAD LAH Subjects 
(no. = 138) (no. = 70) (no. = 5,446 ) 





New CHD} 


Fatal event 1 1 14 

Nonfatal event 2 1 75 

Total new eventi 3 2 89 

ncidence rate (95) 2.17 2.86 1.63 
w CVAT 

1 0 11 

0 0 34 

1 0 45 

0.73 0.83 





‘The groups with isolated abnormalities excluded all persons 
to have overt heart disease, stroke, hypertension (blood 
ure 160/95 mm Hg or greater), or other electrocardiographic 
alities atthe initial examination. 

Coronary heart diseáse or cerebrovascular accidents of 
doubtful history or myocardial infarction with doubtful 
Ocardiographic evidence and no supportive history were 
ot included. Sudden death within 1 hour from onset of symp- 
$ was regarded as death from coronary heart disease unless 
ved otherwise. 

w episodes of coronary heart disease or cerebrovascular 
ents were counted only once for the same person. See 
HD = coronary heart disease; CVA = cerebrovascular 
; LAD = left axis deviation; LAH = left anterior hemi- 





rminations) were significantly greater than the 
ans for control subjects. There was no significant 
nce between these values in subjects with left 
rior hemiblock and control subjects. 
Prognosis for isolated cases of left axis devia- 
d left anterior hemiblock: The prognosis 
as assessed in terms of the incidence of fatal and 
onfatal events of coronary heart disease, including 
na pectoris, acute coronary insufficiency, myo- 
dial infarction and sudden death within 1 hour 
m. the onset of symptoms, and stroke, during the 
rse of follow-up observation from the initial ex- 
mination to the end of 1971. The length of follow-up 
d from 3 to 6 years (median 4 years, 9 months 
r the entire cohort of the Honolulu Heart Study). 
he ascertainment of deaths and new events of coro- 
ary heart disease and stroke was made by systemat- 
irveillance of death certificates and hospital rec- 
cluding autopsy reports as well as a repeat 
mination scheduled 2 years after the ini- 
ation. New events of coronary heart dis- 
oke were counted only once in each subject 
rity order as follows: for stroke— 
atal event; for coronary heart dis- 
or fatal acute myocardial infarc- 
ocardial infarction, coronary insi 




















isuf- o 


"Among the 138 men with isolated left axis devia- — 
tion there were three new events of coronary heart - 
disease (one fatal, two nonfatal) and one death from 
stroke (Table V). In the 70 men with isolated left an- - 
terior hemiblock two new events of coronary heart : 
disease (one fatal, one nonfatal) and no stroke were 
observed. The incidence rates of coronary heart dis- 





ease were 2.17 percent in men with left axis deviation 


and 2.86 percent in men with left anterior hemiblock. .. 
Although these rates were slightly higher than those . 


of control subjects, the differences were not signifi- 


cant statistically. The incidence rates of stroke for — 
men with left axis deviation (0.73 percent) and men . 
with left anterior hemiblock (0 percent) were slightly _ 

lower than for control subjects, but again the differ- . 
ences were not significant. Thus, neither left axis de- .- 
viation nor left anterior hemiblock, as an isolated ab- 
normality, increased the risk that fatal or nonfatal 
coronary heart disease and stroke would develop dur- - 


ing the 3 to 6 year period of observation although the . 


small number of cases does not warrant any conclu- 
sive statement. 


Discussion 


Most studies on left axis deviation and left anterior ^ 


hemiblock have been based on hospital patients or 
autopsy cases, and their results have almost unani: 
mously indicated the serious nature and unfavorable ^. 
prognosis of these electrocardiographic abnormali- ~; 
ties. In recent years a few epidemiologic studies!?13 
of coronary heart disease among general populations 
have suggested that left axis deviation is frequently 
an isolated finding and is not associated with excess 
mortality and morbidity from coronary heart disease. 
Our results are generally in accord with those of 


the population-based studies, but there are some in- . 


teresting findings peculiar to our study: 

Prevalence: First, although the prevalence of left 
axis deviation and left anterior hemiblock, when 
combined, was less than half of that for men of corre- 
sponding age in the Tecumseh study, the proportion 
of men with a superiorly shifted electrical axis be- 
yond —45? (left anterior hemiblock) was far greater 
in our study (119 of 330 cases [36 percent] than in the ` 
Tecumseh study [8 of 248 cases]). It is not certain di 
whether this discrepancy is real or an artifact due to 
different methods of determining the electrical axis. b 

Association with myocardial infarction: Sec- - 
ond, although a statistically significant association 
was found between myocardial infarction and left an- 
terior hemiblock, it appears to be spurious because of = 
the similarity in electrocardiographic patterns of left 
anterior hemiblock and certain cases of old inferior 
wall infarction. The difficulty of di 
two conditions in a single elect 
is well recognized although s 
beli hat certain electroc: 





















d pressure and obesity: 


mean values for obesity in- 

sure were significantly great- 

han control values i in those men with left axis de- 
ion, but not in those with left anterior hemiblock. 
ie assumes that the electrocardiographic pattern 
eft anterior hemiblock is a more advanced form of 
axis deviation, or an extension of the same pro- 


ess causing an upward shift of the QRS axis, the op- 
posite result would be expected. In other words, our 
findings appear to suggest that there are qualitative 
ifferences in the mechanisms responsible for left 


is deviation and left anterior hemiblock. Since obe- 


ity and hypertension are both potent risk factors for 
oronary heart disease, the association of myocardial 
nfarction with left axis deviation may have been 


p 


t PA 


r hemiblock did not appear to be etiologically re- 


rtly related to these factors. By contrast, left ante- 


lié | to coronary artery diseas 
group. Eb 
Many studies!?.13.22-25 Have demo 
cant effect of age upon the shift 
the left and superiorly in healthy mi 
obesity or overweight and high blo 
troversial and both positive??-?5 ane 
sults have been reported. Howeve 
studies compared left axis deviation 
hemiblock with respect to. the be 
build and blood pressure. 
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Diagnosis and Quantification of Arrhythmias in Ambulatory 
Patients Using an Improved R-R Interval Plotting System 


O G. LOPES, MD* An improved technique for identification, diagnosis and quantification a 


HN FITZGERALD, MD of arrhythmias during rest or ambulatory electrocardiographic record- _ 
lD: G. HARRISON, MD, FACC ing is described. With simultaneous plotting of the R-R interval and the _ 


iN S. SCHROEDER, MD QRS duration and QRS vector measurement of each beat versus time, 
Stanford, California all periods of arrhythmias or abnormal complexes can be identified and oh 
s den characterized. Analog electrocardiographic samplings are used tocon- 
firm the diagnosis of the arrhythmia and to exclude artifact. The avail- 
ability of a permanent record for the characterization of each QRS 
complex enables the physician to check the technician’s analysis of = 
the recording and to relate all events to the patient's heart rate and 
clinical symptoms. This technique also provides data for quantification — 
of ventricular arrhythmias. 













Ambulatory electrocardiographic monitoring, also termed the Holter 
technique,'” has been used extensively in recent years to detect at 
quantify arrhythmias and ST-T abnormalities in ambulatory pa- 
tients, to assess changes in heart rate during normal activity and 
sleep and to evaluate effectiveness of antiarrhythmic drugs.?4 Al- 
though 24-hour electrocardiographic recordings have increased the 
rate of detection of arrhythmias, the amount of data to be analyzed. 
for each patient (more than 100,000 beats/day) is tremendous. Sever- 
al techniques have been proposed to analyze each of the QRS come 
plexes in these recordings, or some of them, with various degrees of 
success.4-10 ND 

In this report we present an improved technique using R-R interval 
plotting versus time, coupled with QRS duration and QRS vector for E 
each beat. This system has facilitated our ability to diagnose and. ly 
characterize arrhythmias and to relate their occurrence or disappear- 
ance to time of day, heart rate, level of activity or symptoms. 


Recording Techniques 


he Cardiology Division, Stanford Universi- sternum. The ground is positioned at the right axillary line. Although this ^ . 
School of Medicine, Stanford, Calif. This work lead does not allow S-T segment monitoring, this electrode position gives: 

"ed in part bv Grant HL-5866 and better stability, minimizes noise related to muscular movement and thusim- ^ 
t Grant 1-PO1-HL+15833 from proves the diagnosis of arrhythmias. When this position yields inadequate 
tes of Health, Bethesda, Md. i 









ress (walking, driving ear); 


phill, running, arguing). For — . 


e patient notes. on a Tona Te- 
shati the degree of activity. 


Analysis of Recordings 


n ambulatory electrocardiographic monitoring process- 

system has been developed at Stanford University 

edical Center. We will briefly review the hardware con- 
figuration and software description. 


Hardware Configuration (Fig. 1) 


The ambulatory monitoring hardware system consists of 
three basic units: digital processing hardware, analog pre- 
jrocessing hardware and analog recording and playback 
ünits. The key element of the digital processing hardware is 
a small, general purpose computer. The computer used is a 
PDP-12, with a machine cycle time of 1.8 usec and an 8,000 
word, 12 bit core storage. Necessary peripheral apparatus 
include a programmable hardware clock with flexible inter- 
pt options, a multiplexed analog to digital converter with 
minimal conversion time of 18.2 usec, and two digital 
pes, each with a 180,000 word, 12-bit storage capacity 
and a transfer rate of approximately 8,000 words/sec. A 
“speed electrostatic alphanumeric point plotting 
aphics device and a digital oscilloscope complete the 
rdware configuration. Because the system functions at 60 
s real time in processing recorded monitoring tapes, a 
ecial purpose analog preprocessing interface was con- 
cted and performs the following functions: (1) band- 
filters the data from 0.1 to 30 hertz; (2) forms a signal 
m which onsets and offsets may be determined by the 
eprocessor; (3) provides a set of variable voltage levels to 
e computer that are used in setting onset and offset 
re esholds; and (4) furnishes the computer digital onset 
and offset information. The total cost of the hardware sys- 
m; including the digital oscilloscope and high speed elec- 
rostatic printing device, is approximately $30,000. The re- 
ording and playback unit currently employed is the Holter 
Avionics system. 


Software Description 


The software configuration is modular, allowing imple- 

intation of a variety of options. The following functions, 
asic to processing of any data, are performed: 

HLTSET: This program allows manual selection of sig- 
ial gain and onset and offset threshold levels utilized by 
he preprocessing analog hardware. 

HLTEVC: This program extracts QRS feature informa- 
ion. The analog data are played at 60 times real time. 
‘Twelve hours of electrocardiographic data can be processed 
„per pass. Three elements of data are stored on digital tape 
‘for each QRS occurrence consisting of the preceding R-R 
interval, QRS duration and a parameter called vector. The 
QRS vector represents the algebraic sum of elements of the 
‘first major QRS deflection. The electrocardiogram is digi- 
ized at a real time rate of 6 kilohertz. In recorded time, 

this represents a sample every 10 msec. 
^, HLTEVP: After the event data are collected, this pro- 
gram plots simultaneous R-R intervals, QRS duration and 
RS. vector versus time-for the entire recording period 
2). After examining the output of HL TEVP, the tech- 


ician can select any desired 1 minute. segment: for auto- . 


tic localization on the analog tapé a the computer, digi 
nd ; 
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electrocardiographic monitoring system. A-D = 
EKG = electrocardiogram. 


rhythmias, this system requires 4 to 5 minute: 
cian time for processing each hour of recording. 


Identification of Arrhythmias. 


The technician can identify all areas with be: 
premature, late, wide or of different configuratio 
as periods of tachycardia or bradycardia. Initially, | 
1 minute samplings of the electrocardiograms are t: 
identify the electrocardiographic abnormalities. 
Repetitive events with the same characteristics o 
terval, QRS duration and direction of the vector 
identified by the technician and are not sampled ag. 
petitive patterns of QRS feature data need n 
unique arrhythmias, although in practice this is. 
true, as noise and base-line shift, of course, can 
new arrhythmias. However, sampling of the act 
cardiographic signal permits the correct diagnos 


Diagnosis of Arrhythmias 


Premature Contractions 


Figure 2A shows an example of normal 


band. When a premature contraction occui 
pears as a short R-R interval followed by a 1 
interval falling on either side of the mai 
R-R intervals (Fig. 2B). These intervals corr 
to the shortened R-R interval of the prematt 
and the long R-R interval of the compensatory. 
A premature ventricular contraction appear 
early R-R interval with a different QRS duratior 
vector. Although a premature atrial contract on 
has a shortened R-R interval, it does not show 
ferent QRS duration and QRS vector if. 
normally (Fig. 3B). This differentiation all 
ration of most premature atrial beats from. 
ventricular beats. : 

Á ventricular ectopic pair (Fig. 2B) 


- lated premature contraction (F 
dod flow n and different R- "s 











ontractions (such as. ermittent bundle branch . woe When bigeminy occurs, the dots rependit DR 
lock) can be identified by a change in the QRS du- — to each R-R interval form two types of clusters: one _ 
ation and vector plots without a i change i in the R-R .. early, corresponding to the premature beat, and an- 
nterval. ; ~ other late, corresponding to the compensatory pause _ 
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in other erage 
responds t to 1 minute. The. Bottom graph shows the R-R interval a plotting in milseconds: pach. dot corre- 


; rigeminy is. presènt, there is an cim s 
al cluster of R-R intervals between the early- ion « 
te dots, corresponding to the interval between tion for correlation with the paid nt’s sy 
he two normal sinus beats (Fig. 5C). These R-R in- ` ministration of medication or changes in hea 
patterns are associated with a change in the Coupling interval of premature beats. P 
"duration and vector if the ectopic beats are of a ture beats with a fixed coupling interval: 
regularly shortened R-R intervals (Fig. 2B). 
of parasystole (Fig. 6), a completely variab: 
early and late R-R intervals occurs. The prese 
middle band of more regular R-R intervals 
sponding to the sinus contractions differenti 
systole from atrial fibrillation (Fig. 7). 
When multiform premature ventricula 
tions occur, each form can be identified ai 
by using the QRS vector if this feature is. 
different. Similarly, the occurrence of in 
left bundle branch block or late ventricula 


URE 3. A, paroxysm of atrial tachycardia lasting 120 seconds. B 
riod of atrial bigeminy. (QRS duration and vector plots are not pre- 
ented in this and subsequent examples.) 
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1at same time will present the correct diag- 
e intraventricular conduction defect. 


al Tachyarrhythmias 


currence of paroxysmal tachyarrhythmias 
‘à cluster of early beats with shortened 
arvals associated with a prolonged QRS dura- 
different QRS vectors if ventricular (Fig. 
r with a normal QRS duration and vector if 
ig. 3A). Supraventricular tachycardia with 
has the same appearance as that of a ven- 
tachycardia and thus requires electrocardio- 
nterpretation for diagnosis (Fig. 7). 
ysmal tachycardia is differentiated from 
iycardia or sinus arrhythmia by its abrupt 
ion with a premature beat. Sinus tachycardia is 
ted by a progressive acceleration of the sinus 
nd a corresponding decrease in the R-R inter- 
his observation is particularly helpful in diag- 
short episodes of paroxysmal atrial tachycar- 


fibrillation: This arrhythmia is character- 
a wide and completely irregular scatter of 
'rvals. Any periods of regular rhythm, such as 
al, can be very easily identified (Fig. 7). If 
ture ventricular contractions or aberrant beats 
QRS duration. and vector help with the 

on of ; 
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FIGURE 7. Atrial fibrillation with a period of regular ectopic tech 5 
cardia {supraventricular with aberrancy or ventricular) lasting 1 min- 
ute. A, beginning, B, end of the paroxysmal tachyarrhythmia. 


exercise provides important diagnostic information. 
for clinical purposes. Figures 2 and 9 illustrate this 
association. The critical heart rate that triggers or 
suppresses ventricular arrhythmias can then be mea- 
sured accurately. Heart rate-related heart block can 
also be diagnosed (Fig. 10). 
Heart block: The presence of second or third. de. 
gree atrioventricular block or sinus nodal block will 
appear in the R-R interval i plotting as one or sever 
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Heart rate-suppressed premature ventricu- i. 
contractions. When the heart rate increased from 












Visual eiamination of R-R intervals and the QRS 
ration and vector can furnish rapid semiquantita- . 
ve analysis of the frequency of premature ventricu- 
r contractions. For the quantifi cation of this fre- 
quency, as is required in assessing response to drugs, 
re accurate methods of analysis are necessary. The 
hod that we use has been previously described in 
tail.!* The basic approach is to define the patient's 
m mature ventricular contractions in terms of limits 
2-R interval and QRS duration and vector. The 
fion is constructed by the technician so that 


` -period of recording. By comparing a set of 1 minute. 
















































rlap j Duiveen: nomial’ a 
: definition is aided by the use o 
: three dimensional plots of feature data for the entir 








electrocardiographic plots versus beat by beat com- . 
puter diagnosis generated by the definition process, P 
an estimate of the accuracy of this definition is ob-. _ 
tained. In a protocol to evaluate this process, a set of 
ambulatory monitoring tapes of patients with fre- 
quent ventricular arrhythmias were examined. One  . 
minute samples of electrocardiographic plots for 
every 15 minutes of recorded data were printed and 
compared with the computer diagnosis. A total o 
37,464 beats were examined and 4,386 prematur 
ventricular contractions detected. The rate of false 
positive diagnosis of premature contractions ranged 
from 0 to 5.6 percent (an average of 1 percent). Fals 
negative diagnoses, computed as the percent of total 
premature ventricular contractions in the sample, _ 
ranged from 0 to 9.4 percent (average 2.3 percent) 
Published data on accuracy for automatic ambula 
ry monitoring analvsis systems are not yet available 3 
however, real time coronary care unit systems have 5 
been reported as having respective false positive and. . . 
false negative identification rates of 0.8 and 9.6 per- —. 
cent,!5 4.3 and 29 percent! and 4.5 and 22 percent.!7 - 
The accuracy obtained with our system appears to be 
adequate for assessing serial changes in frequency 0: 
arrhythmias due to various interventions. 






































Discussion 


In the last decade, utilization of ambulatory el 
trocardiographic recording techniques has recei 
increased interest,!!!? particularly in relation to th 
study of sudden death. Accurate processing and in 
terpretation of these recordings is particularly criti 
cal if the patient at high risk for sudden death is t 
be identified on the basis of ambulatory arrhythmias. 
A technique that provides accurate, rapid diagnosis 
and quantification of arrhythmias is required. The — 
most commonly used method for processing ambula- 
tery electrocardiographic monitoring tapes involves 
high speed visual scanning techniques. However, this 
method is time-consuming, requires a skilled techni- 
cian and yields only a qualitative analysis of the re- 
cording. Rhythm strips of actual electrocardiograms _ 
can be made, but an accurate quantification of pre- — 
mature beats is difficult, particularly if the arrhyth- — 
mias occur frequently. Several methods have been . 
described to quantify arrhythmias,*-!! some of whic 
use computer techniques. R-R interval plotting an 
histograms have been employed extensively in the 
past to identify clusters of premature beats and to 
diagnose arrhythmias.*55? These techniques all ha 
limitations because of noise, artifact and inaccuracy 
of prematurity alone as a diagnostic criterion for an 
arrhythmia. Plotting versus time of the R-R interval 
QRS. duration and ay vector not oy allow 































; permanent recording of 


eriod of monitoring permits the physician — 
y the QRS feature data rapidly and to relate 


rence of arrhythmias to changes in heart 

ctivity, symptoms and time of drug adminis- 

A semiquantitative estimate of premature 

lar contraction frequency can be made by vi- 

| examination of the output, or quantitative anal- 

f data cari be performed by instituting interac- 
omputer algorithms. 

scause the frequency spectrum of noise that is 

equently encountered in ambulatory arrhythmia 


E j y 
Hens in the R-R interea plotting. Frequ 
samplings of the electrocardiographic signal p: 
the correct diagnosis and differentiate artifa 
arrhythmias. 
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Nonparoxysmal Junctional Tachycardia in Acute 
'ardial Infarction: Computer-Assisted Detection 









INE B. KNOEBEL, MD, FACC Thirty consecutive patients with acute myocardial infarction had cor 
RASMUSSEN, RN, MSN tinuous magnetic tape recording of their electrocardiograms (lead | 
UGENE LOVELACE, 3S for the period of their stay in the coronary care unit. Analysis of the 24- 
NDERSON, MD hour tape recordings was implemented on a Honeywell model 316 digi 
jils, Indiana tal computer. ; 

ruv In the first 24 hours after admission to the coronary care unit, 12 ot A 
the 30 patients (40 percent) exhibited nonparoxysmal junctional 
tachycardia; in 5 the arrhythmia was not recognized by conventional | 
monitoring techniques. For the subsequent 3 days, the incidence rate: 
of the arrhythmia was 13 percent for the first 48 hours and 3 percent _ 
for 72 hours. Although the mortality rate in patients with nonparoxys- 
mal junctional tachycardia was greater than in patients not der 
strating the arrhythmia (33 versus 6 percent), there was a greater 
centage of patients with anterior infarction in the former group; th 
fore, mortality may have been related to site of infarction rathe 
being reflective of the arrhythmia or its associated pathophysiologi 
state. Of possible significance is the association of a greater degree < ) 
sinus arrhythmia with nonparoxysmal junctional tachycardia. í 

The incidence of nonparoxysmal junctional tachycardia in this group 
of patients was greater than previously reported. it is possible that 
computer tape analysis may have provided more accurate recognition | 
of the arrhythmia and, thus, more realistic incidence data. The associ- _ 
ation of nonparoxysmal junctional. tachycardia with sinus arrhythmia | 
could only have been recognized by computer technique. The compute A 
er system is not a diagnostic system but rather a tape review method. _ 











The reported incidence rate of junctional (A-V nodal) rhythms asso- 
ciated with acute myocardial infarction has ranged from 3 to 16 per- 
cent.!-5 When nonparoxysmal junctional tachycardia, a sustained 
junctional rhythm ranging in rate from 70 to 130 beats/min,® occurs 
ke Maman ‘isthe of Cordickogy, the with inferior wall infarction, it has been thought to have no apprecia. 
partment of Medicine and the Department of ble effect on the patient’s prognosis. Other observations have st 
ing Services, Indiana University School gested that this arrhythmia may be associated with the presence of. 
Medicine, the Veterans Administration Hospi- cardiogenic shock! and thus carry a more ominous prognosis.* The 
indianapolis, Ind.. and the Hendricks County discrepancies between reported data on nonparoxysmal junctional | 
spital Dum: hx Ind. en study was. irepl tachycardia as well as other arrhythmias in acute myocardial infar 
` tion may result partly from certain inadequacies of conventional cor 
onary care unit monitoring methods.78 
The purposes of this study were to: ( D determine. the. incid. once o o 























D ysis of. continuous tape recordings in patients with ac 1 ite myocardia 
farction, and (2) describ ystem 





FIGURE 1. Functional diagram of computer system uti- 
| for review of 24 hour magnetic tape single lead 
Sieliocardegraphio recordings. A/D = analog to digi- 


Material and Methods 

Clinical Data 
Thirty consecutive patients with acute myocardial 
tion had continuous magnetic tape recording 
wlett-Packard model 3960) of a single lead elec- 
ardiogram (lead IT) for the entire period of their 
iy in the coronary care unit. All patients were ex- 
ied by one of us at the time of admission to the 
„at least twice during the first 24 hours after ad- 
ssion and once daily subsequently. The clinical 
ata including the presence or absence of signs of 
irt failure, site of infarction and laboratory values 
recorded on data code sheets. The diagnosis of 
cardial infarction was based on standard electro- 
ardiographic criteria, characteristic curves of serum 
nzyme activity and clinical history, the presence of 
wo of the three criteria required for a definitive di- 
gnosis. Heart failure was considered present if there 
rere a diastolic filling sound and persistent rales 
sr coughing. Particular attention was paid to the 
ministration of drugs such as digitalis and. isopro- 
ol known to accelerate junctional pacemaker 


omputer System 


Analysis of the 24 hour magnetic tape recordings was im- 
emented on a Honeywell model 316 digital computer. 
he storage contains 12,000 words, each with 16 bits. The 
computer system has a digital acquisition subsystem 
(DACS), direct multiplex control channels (DMC), an ana- 
g input system (AIS) and high speed arithmetic unit op- 
tions. The electrocardiogram is sampled at a rate of 60 
imples/sec. Analog to digital conversion is accomplished 
ing a 12 bit converter that is connected to the DMC sub- 
nnel. At the completion of the analog to digital conver- 

e sample is placed in a 200 point buffer and program 

‘ol is returned to the operating system. As soon as 150 

are obtained, the samples are moved into a second 

ar buffer and the R-R interval is determined. The dura- 
the R-R interval is stored in an interval frequency 


Update 


istogram determination. The interval table has a: 3 
uration of 340 msec and a maximal duration of - 


hen the specified elapsed time since 
as been reached, a histogram clus 


AID. 
Converter 


Et - 


Bi 
SERRE 


no Print treet Pade 
p. Histogram? £ yE 
Linear Buffer Poi 


yes 


Initiate 
Output of 
i Histogram 


gram is used to prepare a format for the information fo 
histogram print routine. A functional diagram of 
tem is shown in Figure 1. 


R Wave Detection 


R wave detection is accomplished by a modific 
the derivative technique? To desensitize the 
technique, the algorithm for detection is based 
cant rather than the slope. The secant is defined b 
mula: 


F T3 
Z, = Zi +m ad Zi 


where Z; is the i-th sample in the linear buffer, an 
displacement from the i-th sample. The displac 
was determined experimentally. With samples of 
cidence rate of muscle noise, it was determined 1 
placement of four samples provided the most r 
sults. 

A threshold level (Th) is also established.: T 
buffer, consisting of 2.5 seconds of the electrocardio 
scanned and the maximal negative slope deter: 
process is repeated for 10 successive 2.5 secon 
The mean value and the standard deviation of 10 ; 
negative secant samples are determined and the t 
is determined using the equation: 


T h = 7 = Z. 
where Z’ is the mean of the maximal negative se 
is the standard deviation of the samples. Any a 
the electrocardiogram that does not exceed this vali 
considered a possible R wave. 
To further avoid identification of muscle: 


wave, two additional restrictions are added. Th 
cant difference, 


Z”, ag Z’, 22. 


must be convex and there must be a sign chang t 
the reference point. In cases of high ampliti 
noise with only high frequency content, these 
violated. If the R-wave. is. not detected in the: 
buffer (2.5 seconds’ duration) the most likely 
termined. she temaving the two added. con 















7, is the mean value of the electrocardiogram over 
interval (Tist Ti+ten), Z is the mean value of the elec- 
diogram over the interval (T;, Ti+n), Tj is the refer- 
oint, Zi+t is the electrecardiographic value at the t-th 
t beyond the reference point, T;, and n is the number 
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Eu p ds. s ade il points from tur 
- the maximal negative secant reference point to the S-T seg- 
ment. The mean value and standard deviation of the 25 
consecutive correlation function values are determined, . .. 
and the limiting value of the correlation function, Ryisde- o 
termined. The R wave is confirmed to be present whenever ' 
the correlation function exceeds R;; otherwise, itis reject- ^. 
ed. When an R wave is rejected, a new reference point is... 
determined on the basis of maximal negative slope and the. - 
confirmation process is repeated. dE 
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FIGURE 3. Example of the insensitiv- — ' 
| ity to noise of computer R wave rec- 
ognition. PDA. A and B show the .. 






























d. n three criteria: maxi 


tive : secant, threshold value and second secant dif- © Š 


ce test, and the correlation confirmation for cases in 
he second secant difference test fails. Examples of 
nsitivity of the R wave detector to muscle noise or 
ifact are shown in Figures 2 and 3. 
fication of R-R identification was accomplished as 
ws: Under program control, a strip chart recorder is ac- 
vated using the digital output lines. When the duration of 
R-R interval has been determined, it is passed to the 
routine controlling the strip chart recorder. A pulse with a 
uration of 1/60th second (greater when a premature ven- 
ieular complex is recognized) i is printed out whenever the 
Since the last pulse is equal to the duration of the cur- 
rent R-R interval. Hence, channel 1 of the two channel 
p chart recorder displays the incoming electrocardio- 
am. Channel 2 displays the pulses that are recognized 
g. 4). By comparing the output of channels 1 and 2, the 
wave detection algorithm can be verified. In this manner, 
sing 10 minutes of electrocardiographic monitoring in 32 
parate tapes in which muscle noise and other noise arti- 
cts were present, as well as atrial and junctional prema- 
re beats, atrial fibrillation and ventricular tachycardia, a 
isual QRS count was 25,271 whereas the computer QRS 
ount. was 25,260. The difference included both false posi- 
nd false negative data. 
ssification 
Rhythm monitoring is accomplished using a normalized 
istogram (Fig. 5) displaying the percent of R-R intervals 











having a given duration versus t 


based on the previous minute's c data. p examini 


sive histograms, several populations of QRS 
having similar durations become evident and these p: 
tions are classified as follows: The dominant rhyth: 
is determined by beginning at the mode and se 
both directions for a minimal R-R interval that 
percent below the value of the mode. The remain: 
are determined by searching for maximal and mini 
intervals having a cumulative frequency in exc 
cent of the data. All segments that do not fit t. 

ries are termed class 0 or null class. Each populatio: 
given a number in ascending order beginning wi 
premature class. The null class determinations 

out if they represent 1 percent or more of the data. 
are redetermined every 5 minutes. 

The histograms are printed out every minute 
teletypewriter, and a summary histogram is issue 
minute intervals. Minimization of the number of ch 
printed is done by scaling both the frequency and | 
axes. The lower limit of the duration axis is based 
most premature beat in the frequency table; th p 
limit is based on the longest entry in the table, - : 

Nonparoxysmal junctional tachycardia was 
by configuration of the histogram, there being two. 
of beats with similar R-R cycles but dissimilar chara 
tics in that junctional rhythm had less R-R variat 
Sinus rhythm (Fig. 6). 























E 4. The electrocardiographic strip is shown on 

‘ow (channel 1) of the two channel strip chart - 
rder. Channel 2 displays the pulses that are rec- 
nized. The wide pulse corresponds to the premature 
ricular complex shown on the electrocardiogram. 
g between the QRS complex. and the pulse rep- 
delay in the buffer. system. The histogram at. 
the promere. ventricular ar complex 
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lectrocardiographic strip (above) with representative 
minute of electrocardiogram (below). The abscissa 
interval in milliseconds times 102. The ordinate shows 
of total complexes. The premature ventricular com- 
numbered 1, sinus rhythm 2 and compensatory pauses 3. 
‘determination of number classification. 





a Results 

clinical data for individual patients are shown 
I, There were 17 male and 13 female pa- 
the group. Ages ranged from 44 to 79 years 
| 62 years). The electrocardiographic site of in- 
arction was inferior in 20 patients, anterior in 9 pa- 
ints and both anterior and inferior in 1 patient. The 
»verall mortality rate was 17 percent. 

= Patients. with nonparoxysmal junctional 
tachycardia (Group 1): Twelve (40 percent) of the 
30 patients exhibited nonparoxysmal junctional 
tachycardia during the first 24 hours after admission. 
There were four women and eight men in the group. 
2 percent) of the 12, the arrhythmia was not 
nized by conventional coronary care unit moni- 
ing techniques. Inferior wall infarction was pres- 
t in seven (58 percent), anterior wall infarction in 














rapid in the patients who died 

fived (93.5 and 78.8/min, re- 
3 (42 percent) had the clini- 
eart failure. Junctional pre- 
d in four patients before 






















ent had been tak- . 
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FIGURE 6. Strip A demonstrates junctional rhythm throughout the 
strip. The corresponding histogram (A) of frequency (ordinate) and 
interval in milliseconds times 10? (abscissa) is shown below. The ' ..: 
junctional rhythm has less variation in R-R intervals than sinus. i 

rhythm shown in strip B. The latter shows sinus rhythm with emerg- ; 
ing junctional rhythm in the last half of the strip. The corresponding . 

histogram (B) shows the transition in the bimodal configuration. 










Patients without nonparoxysmal junctiona 
tachycardia (Group 2): There was no significa 
difference in age between patients with and withou 
nonparoxysmal junctional tachycardia (Group 2), 
both groups averaging 62 years. We found no signifi- 
cant difference between Groups 1 and 2 in the time of 
arrival in the coronary care unit after the onset of 
symptoms of infarction. The mortality rate was $7 
percent in Group 2 and 33 percent in Group 1. The 
location of infarct also varied between Groups 1 and | . 
2 (inferior in 58 and 72 percent, respectively; anterior: 
in 33 and 28 percent, respectively). Forty-two percent . 
of the patients in Group 1 manifested heart failure as . : 
did 44 percent in Group 2. A greater percentage of © 
patients in Group 2 kad either been receiving digital- ^ 
is before admission to the unit or were given the drug. 
after admission (17 versus 39 percent, respectively). 
Although junctional premature complexes were docu- 
mented in 33 percent of the patients subsequently _ 
manifesting nonparoxysmal junctional tachycardia, _ 
only one patient in Group 2 had junctional prema- 
ture beats. These data are collated in Table II. 

Sinus arrhythmia: Although the average fastest 
24 hour sinus rates were not significantly differen 











3 percent. At 72 hours one patient - 
inued to have intermittent junctional tachycar- mia detection other than en ional m 
techniques since 40 percent of the occ 
nonparoxysmal junctional tachycardia wer 
Discussion by these techniques. It is possible, of course 
Incidence: Although this patient group is relative- patients in this study reached the coronar 
all, certain conclusions seem justified. The inci- earlier than the patients in previous studie 
ace of nonparoxysmal junctional tachycardia ap- counting for the greater incidence of. the 
ars to be greater than previously reported: These since, as our data demonstrated, there 
re consecutive cases and the incidence rate was 40 decrease in incidence of nonparoxysmal 
cent in the first 24 hours after admission to the tachycardia with increasing time after infarc 


ata on Individual Patients 


: , Junctional 
Patient Age (yr) Sinus Rate Rate 
& Sex Site of Infarction (beats/min) (beats/min) 








79F i Anterior 
70F Inferior 
67M Inferior 
44M inferior 
72F Inferior Junctional 
for first 
24 hours 
53M Anterior 103-94 
51M Anterior 81-54 
and inferior 
59M Anterior 91-75 
75F Inferior 85-72 
61M Inferior 88-77 
Anterior Junctional 
for first 
24 hours 
Inferior 81-62 


Patients Not Manifesting Nonparoxysmal J Junctonal Tachycardia (Group D 


Patients Manifesting Nonparoxysmal Junctional Tachycardia (Group D 





Anterior 104-96 
Anterior 88-81 
Inferior 96-91 
Inferior 54-48 
Inferior 86-73 
Inferior 79-70 
Anterior 64-52 
Inferior 115-107 
Inferior 111-107 
Inferior 94-76 
Anterolateral, 94-82 
subendocardial 

inferior 77-67 
Inferior 56-48 
Anterior 75-62 
Inferior 86-81. . 
Inferior : 103-95 .—. 
"Inferior Vues, 79-60 |... 
Inferior =c 05. 002 68-6 7 


































































1 Junctional Tachycardia - 


E i 1g? Cases) Group 2 (18 cases) 


U= coronary care unit. 


- Clinical significance: The question of the signifi- 
cance of junctional tachyeardia relative to mortality 
iot answered by this study. While a higher percent 
ients with nonparoxysmal junctional tachycar- 
ied, this group also had a higher percent of ante- 
afarction. Thus, the mortality may have been 
t of location of the infarction, without par- 
relation to the rhythm itself. There was no 
it. difference between patients with and 
nonparoxysmal junctional tachycardia in the 
f congestive heart failure. 

ation with sinus arrhythmia: Of possible 
' significance is the observation of the as- 
ion between nonparoxysmal junctional tachy- 
and sinus arrhythmia. A relation between 
ate and escape junctional rate has been dem- 
ted previously.1?!? If one assumes that the au- 
icity of a junctional focus is at least partially 








1. Kimball FT, Kilip T: Aggressive treatment of arrhythmias in 
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‘ders of impulse formation: and conduction in the atrioven- 
d ular junction. Am J Cardiol 11:384—391, 1963 

Bellet S: Clinical Disorders of the Heart Beat. Philadelphia, Lea 
& Febiger, 1963, p 781 
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dia complicating acute myocardial infarction. Circulation 45: 
7-374, 1972 
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j minguez P: Non-paroxysmal. A-V nodal tachycardia. 
jrculation 16: 1022-1032. 1957 >. 
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possible that daring the more rapid phase ofsinusar- i 
rhythmia junctional automaticity is increased. With- 
slowing of the sinus rate during sinus arrhythmia, © 
there might be a “lag” in the adjustment of junction- 
al automaticity, allowing “capture” by the accelerat- 
ed junctional focus of cardiac pacemaking function. | . 
However, for this interplay to exist the rate of junc- . 
tional discharge would have to be very close to the 
average sinus rate. Thus, one would need to assume: 
that not only are the sinus and junctional rates  . 
mathematically related but, in addition, the junction- . 
al automaticity is accelerated. Such relations have 
been demonstrated experimentally in pathophysio- — 
logic states.|*-!7 Whereas previous experimental 
preparations under “normal” conditions have dem- _ 
onstrated the ratio of sinus rate to junctional rate to. 
be approximately 2:3,? the observed ratio in the 
cases presented here was 1:1.1, an accelerated junc- 
tional rate. ; 
Clinical implication of computer system: Al- ^ 
though the computer system described here has not 
solved the problem of diagnosis of arrhythmias, it has 
provided reliable QRS recognition, despite the low 
sampling rate and, through the histogram configura- 
tion method, has allowed reasonable progress toward |. 
24 hour continuous monitoring analysis at four times 
real time. Validation of computer detection is contin- `. 
ually obtained as real time electrocardiographic copy. < 
is signaled for each time the histogram classification — . 
changes significantly in dominant rhythm or fre- < 
quency of premature beats. Clearly, this creates con- 
siderable output in patients with multiple arrhyth- 
mias. The system is still dependent on human editing .. 
for diagnosis of rhythm!? and for analysis of factors ^ 
such as the relation of sinus arrhythmia to junctional 
rhythm noted in this study. 
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The Marquette ECG Exercise System provides the most 
complete multi-channel diagnostic monitoring system available 
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West Tower Avenue, Milwaukee, Wisconsin 53223. 
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It may be years before he experiences a single symptom of 
hypertension. But left untreated, even mild to moderate eleva- 
tions of blood pressure may quietly strip years from an other- 
wise healthy and active life. Early control with DIUCARDIN 
may help forestall damage to healthy target organs. 
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DIUCARDIN provides approximately the same diuretic potency 
as hydrochlorothiazide at maximal therapeutic dosage. With 
DIUCARDIN, the onset of diuresis is gradual and may be main- 
tained for twelve hours or more with a single dose.!.2 The anti- 
hypertensive effect of DIUCARDIN is usually maintained in 
long term use. For many patients on DIUCARDIN, a convenient 
once-a-day dosage may suffice. 
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patients. DIUCARDIN 50 mg. Tablets. For mild to moderate 
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For the“healthy”hypertensive, 
early control with 


Diucardin: 
(hydroflumethiazide) 


diuretic/antihypertensive 


BRIEF SUMMARY 
(For full prescribing information, see package circular.) 


ACTIONS: The primary action of the thiazide diuretics is to produce 
diuresis by increasing the renal excretion of sodium and chloride. They 
inhibit the mechanism for tubular reabsorption of sodium and chloride 
by direct action on the distal segment. At maximal therapeutic dosage 
all thiazides are approximately equal in their diuretic potency. 

The mechanism(s) of the antihypertensive action of the thiazides has 
not been elucidated. 

INDICATIONS: Hypertension: DIUCARDIN alone may provide adequate 
control in mild or moderate hypertension. In severe hypertension or in 
cases of mild or moderate hypertension which do not respond ade- 
quately, DIUCARDIN may be used in conjunction with other antihyper- 
tensive agents. 


DIUCARDIN alone or in conjunction with other antihypertensive agents 
isindicated for control of hypertension in pregnancy. (See WARNINGS) 


Edema: DIUCARDIN is indicated as adjunctive therapy in edema asso- 
ciated with congestive heart failure, hepatic cirrhosis, and cortico- 
steroid and estrogen therapy. 


DIUCARDIN is indicated in severe edema during pregnancy. (See 
WARNINGS) 

DIUCARDIN is indicated in the treatment of edema due to various 
forms of renal dysfunction, e.g. nephrotic syndrome, acute glomerulo- 
nephritis, and chronic renal failure. 


CONTRAINDICATIONS: Anuria. oliguria. Hypersensitivity to 
DIUCARDIN or other sulfonamide derivatives. 

The routine use of diuretics in an otherwise healthy pregnant woman 
with or without mild edema is contraindicated and possibly hazardous. 


WARNINGS: Use with caution in severe renal disease since thiazides 
may precipitate azotemia. Effects due to accumulation of the drug may 
occur in patients with impaired renal function. 

Use with caution in patients with impaired hepatic function or pro- 
gressive liver disease since minor changes of fluid and electrolyte 
balance may precipitate hepatic coma. 

Use with caution when hydroflumethiazide is administered in con- 
junction with other antihypertensive agents. Lowering of dosage of 
these agents is usually indicated. Thiazides potentiate ganglionic or 
peripheral adrenergic blocking drugs. 

Sensitivity reactions may occur in patients with a history of allergy or 
bronchial asthma. 

The possibility of exacerbation or activation of systemic lupus erythe- 
matosus has been reported. 

Usage in Pregnancy and During Lactation: Thiazides cross the pla- 
cental barrier and also appear in breast milk. Consequently, they may 
cause fetal or neonatal hyperbilirubinemia, thrombocytopenia, altered 
carbohydrate metabolism and other adverse reactions. Therefore, the 
potential benefits of thiazide administration in women of childbearing 
age must be weighed against the possible hazards to the fetus or child. 
PRECAUTIONS: Tests should be made at appropriate intervals to 
detect possible electrolyte imbalance, i.e. hypokalemia, hyponatremia, 
and hypochloremic alkalosis. All patients taking thiazides should be 
observed for signs and symptoms of electrolyte or fluid imbalance, 
namely dryness of mouth, thirst, weakness, lethargy, drowsiness, rest- 
lessness, muscle pains or cramps, muscular fatigue, hypotension, oli- 
guria, tachycardia, and gastrointestinal disturbances such as nausea 
and vomiting. Serum and urine electrolyte determinations are particu- 
larly important if the patient is vomiting excessively or receiving 
parenteral fluids. 





If hypokalemia should develop, dietary potassium supplementation or 
the use of dilute potassium solutions should be tried. Small bowel 
lesions have been reported following the administration of enteric 
coated, concentrated preparations of potassium salts. 


Dilutional hyponatremia may occur in edematous patients during hot 
weather. Water restriction rather than administration of salt is ap- 
propriate except in rare cases when hyponatremia is life-threatening. 
In actual salt depletion, appropriate replacement should be given. 
Hypochleremia is generally mild and usually does not require specific 
treatment except under extraordinary circumstances, as in renal or 
liver disease. 

The possibility of development of electrolyte or fluid imbalance is 
increased by brisk diuresis, severe liver disease, or concomitant admin- 
istration of medications such as digitalis, ACTH, and corticosteroids. 
Adequate oral intake of electrolytes should be maintained to minimize 
the possibility of electrolyte imbalance. 

If a progressive increase in serum nitrogen occurs, a careful appraisal of 
the patient's condition should be made to determine whether diuretic 
therapy should be continued. 

Because of the possibility of hypokalemia developing, patients taking 
digitalis should be followed carefully since a decrease in body potassium 
may necessitate lowering digitalis dosage. 

Plasma uric acid levels may be increased and could, in susceptible 
patients, precipitate an attack of gout. 

Thiazides alter carbohydrate metabolism. Patients who have diabetes 
mellitus or are suspected of being prediabetic should be followed 
closely since hyperglycemia and glycosuria may occur. Dosage adjust- 
ment of antidiabetic agents is frequently indicated. 

Thiazides may decrease serum PBI without signs of thyroid disturbance. 
Thiazides act to decrease the response of the peripheral arterial system 
to catecholamines and to enhance the effects of curare and its deriva- 
tives. Caution should be exercised in administering general anesthesia 
or curare derivatives to patients taking thiazides. 

The antihypertensive effect of thiazides may be enhanced following 
sympathectomy. 

ADVERSE REACTIONS: Gastrointestinal: anorexia, gastric irritation, 
nausea, vomiting, cramping, diarrhea, constipation, acute pancreatitis. 
Central Nervous System: dizziness, vertigo, headache, paresthesias, 
xanthopsia, restlessness. 

Hematologic: leukopenia, thrombocytopenia, agranulocytosis, aplastic 
anemia. 

Allergic: purpura, photosensitivity, rash, urticaria, necrotizing angiitis, 
exfoliative dermatitis, glomerulonephritis, intrahepatic cholestatic 
hepatitis. 

Cardiovascular: orthostatic hypotension (may be aggravated by alcohol, 
barbiturates, or narcotics). 

Musculoskeletal: muscle cramps, weakness. 

Clinical Laboratory Test Findings: electrolyte imbalance, elevation of 
serum nitrogen, elevation of plasma uric acid, hyperglycemia and 
glycosuria, decreased serum PBI levels. 


DOSAGE AND ADMINISTRATION: Usual adult dosage: 50-100 mg. 
per day. 

The dosage regimen should be individualized te obtain the maximum 
effect at the lowest dosage level. Dosage regimens using 25 mg. 
DiucARDIN (hydroflumethiazide) may be adequate in some cases. 
Dosage should not exceed 200 mg. per day. 

HOW SUPPLIED: DiUCARDIN —No. 702— Each scored tablet con- 
tains 50 mg. hydroflumethiazide, in bottles of 100 and 1,000. 


References: |. A.M.A. Drug Evaluations, ed. 2, Acton, Massachusetts, 
Publishing Sciences Group, Inc., 1973, p. 70. 2. Blagg, C.R.: Hydro- 
flumethiazide, a new oral diuretic. Lancet 2:311«Sept.) 1959. 
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to devote your time to diagnosis and treatment . . . 


All of this is the promise of Holter recording. 


Condo ies dd the pma 


Cardio-Dynamics Laboratories Inc. 
9454 Wilshire Boulevard 
Beverly Hills, California 90212 


Sales Agents 


Searle Laboratories 
Division of G. D. Searle & Co., Chicago, Illinois 60680 


boratories Inc., Beverly Hills, Ca. 90212 » April 1975 + 593 + Printed in U.S.A 





-Fluorogr annic 
Film Processor = 


The Mark 16/35 production 
processor automatically processes 
diagnostic cine-fluorographic films 

to secure full tonal reproduc- 
tion and complete clarity. 
Adjustable speed and 
temperature controls 
permit selection of 
proper parameters for 
desired density, gamma, 
and acutance. True 
quality control is simple 
and repeatable. Fully 
adjustable controls let you use 
standard or "hot" developing 
solutions. The Mark 16/35 is 
shipped complete — no accessories 
are required. 

It is constructed of 316L 
stainless steel inside and out for 
years of maintenance-free 
operation. The Mark 16/35 is 
daylight operated and is portable. 

Processing is at 25 feet per 
minute. Capability to 60 feet per 
minute. Dry-to-dry. Anyone can 
learn to operate it in an hour's 
time. It's that easy. 

For complete details 
contact us or your nearest Oscar 
Fisher dealer. 


OSCAR FISHER CO., INC. 


P.O. BOX 2305 / NEWBURGH, N.Y. 12550 
TELEPHONE (914) 562-3900 





THE DATASCOPE M/D2 SYSTEM. 
THE FIRST RESCUE 
SYSTEM AS FLEXIBLE AS THE 
PEOPLE WHO USE IT. 




















If there’s one thing you can 
be sure of in cardiac rescue, it’s 
that you can’t be sure of anything. 

Every situation, either in the 
hospital or in the field, presents 
new problems, and requires new 
solutions. 

* A At Datascope, we've been in 
emergency medicine since its 
inception. 

Our equipment has faced just 
about everything. And from that 
experience we've put together a 
system that's prepared to face 
anything: the M/D2 System. 

: The M/D2 System is built on 
one very simple principle. Every 
instrument in the system must be 
independent and not compro- 
mised by any other instrument. 

In keeping with this philoso- 
hy, our monitor, our defibrillator 
nd our strip-chart recorder each 

have a separate battery source. 
One unit never puts a drain on 
another. 

But to see its flexibility, let's 
take our system apart, instrument 
by instrument. 


OUR MONITOR. 


The monitor in the M/D2 
System nests inside the defibril- 
lator. You can carry the monitor 
and defibrillator, use it, and store 
it as one unit. 

But the monitor pulls out'of 
the M/D2 case and works as a 
separate unit as well. So it can be 
placedright ona patient's stretcher 
in the field. Or put in the most 
advantageous viewing position at 
the bedside. 
















U.S. PATENT 3,865,101 


In addition to being so flex- 
ible, our monitor outperforms any 
monitor in emergency medicine. 

It has a 5-inch scope with a 
8x 11 cm. viewing area. 





It has a memory which pro- 
vides a bright, non-fade display 
that's remarkably clear even in 
strong sunlight. 

It has a freeze button which 
lets you stop the ECG for closer 
study. 

It's the only emergency moni- 
tor with a digital heart rate read- 
out. And because the readout is 
an LED display, you can even read 
it in the dark. 


OUR DEFIBRILLATOR. 


Like our monitor, our defib- 
rillator has its own battery-pack. 

Itstheonly defibrillator made 
that gives you a digital energy 
meter. Which displays both stored 
energy and the results of delivered 
energy tests. 





The defibrillator is exception- 
ally safe. A warning tone sounds 
when the selected energy level is 
reached. 

Energy cannot be delivered 
unless the push-button switch 
on each paddle is actuated 
simultaneously. 

The energy within the defib- 
rillatorisautomatically discharged 
when the unit is turned off. 





For paramedic use, the M/D2 
is available completely shielded — 
against RF interference across 
the entire communications band. 


OUR RECORDER. 


Our recorder is flexible as 
well. It's carried separately and 
powered separately. (For good 
reason. A recorder powered bya - 
common battery puts anenormous  : 
drain on the other instruments in — - 
the system.) 

Our recorder weights only 11 
pounds. And when you're using 
our monitor outside the M/D2 
case, our recorder fits right into 
the space the monitor vacated. | 
Which allowseveneasier transport. | 


OUR RAPID CHARGER. 


Although the M/D2 comes 
with a standard battery recharger, 
we offer the first rapid recharging 
unit as part of our system. Our 
Rapid Charger allows you to de- 
fibrillate with just 60 seconds of 
recharge. And in just 10 minutes 
it will recharge the defibrillator to 
at least 60% of total capacity. 


THE SYSTEM. IT’S MORE 
THAN ANY OF ITS PARTS. 


Three independent units. 
Three independent battery-packs. 
And a Rapid Charger. They. work 
together, or apart. They give you 
more ability to react than any 
single unit ever could. 

For more information on the 
M/D2 System, write: Datascope 
Corp., 580 Winters Avenue, 
Paramus, N.J. 07652. 


THE DATASCOPE 
M/D2 


Now... 
antihypertensive action 
at the vasomotor centers 


e^ 


2233! 





Central action 


Catapres appears to lower 
blood pressure through 
central alpha-adrenergic 
stimulation, as shown in 
animal studies. This results 
in diminution — but not 
blocking — of sympathetic 
outflow from cardioaccelera 
tor and vasoconstrictor 
enters in the medulla 


Not a “depleter”, 


“blocker”, “inhibitor” or 
“false transmitter” 


Not a rauwolfia 


INGELHEIM 


Boehringer Ingelheim 


Boehringer Ingelheim Ltd. 
Elmsford, New York 10523 





Effective in hypertension, 
mild to severe 


Mild and infrequent orthostatic hypotension 





Normal hemodynamic responses to exercise 


are unaffected 





Renal blood flow and glomerular filtration rate 


essentially unchanged 








Mild to moderate potency 





The most common side effects are dry mouth, drowsiness and 
sedation. These generally tend to diminish with continued therapy. 
Other potential adverse reactions are listed in the Brief Summary. 


Catapres® (clonidine hydrochloride) 
Tablets of 0.1 mg and 0.2 mg 

Indication: The drug is indicated in the 
treatment of hypertension. As an antihy- 
pertensive drug, Catapres (clonidine 
hydrochloride) is mild to moderate in 
potency. It may be employed in a general 
treatment program with a diuretic and/or 
other antihypertensive agents as needed 
for proper patient response. 

Warnings: Tolerance may develop in some 
patients necessitating a reevaluation of 
therapy. 

Usage in Pregnancy: In view of embryo- 
toxic findings in animals, and since infor- 
mation on possible adverse effects in 
pregnant women is limited to uncontrolled 
clinical data, the drug is not recommended 
in women who are or may become preg- 
nant unless the potential benefits outweigh 
the potential risk to mother and fetus. 
Usage in Children: No clinical experience 
is available with the use of Catapres 
(clonidine hydrochloride) in children. 
Precautions: When discontinuing Catapres 
(clonidine hydrochloride), reduce the dose 
gradually over 2 to 4 days to avoid a pos- 
sible rapid rise in blood pressure and 
associated subjective symptoms such as 
nervousness, agitation, and headache. 
Patients should be instructed not to dis- 
continue therapy without consulting their 
physician. Rare instances of hypertensive 
encephalopathy and death have been re- 
corded after cessation of clonidine hydro- 
chloride therapy. A causal relationship has 
not been established in these cases. It has 
been demonstrated that an excessive rise 
in blood pressure, should it occur, can be 
reversed by resumption of clonidine 
hydrochloride therapy or by intravenous 
phentolamine, Patients who engage in 
potentially hazardous activities, such as 
operating machinery or driving should be 
advised of the sedative effect. This drug 
may enhance the CNS-depressive effects 
of alcohol, barbiturates and other seda- 
tives. Like any other agent lowering blood 
pressure, clonidine hydrochloride should 
be used with caution in patients with severe 
coronary insufficiency, recent myocardial 
infarction, cerebrovascular disease or 
chronic renal failure. 

As an integral part of their overall long- 
term care, patients treated with Catapres 
(clonidine hydrochloride) should receive 
periodic eye examinations. While, except 
for some dryness of the eyes, no drug- 
related abnormal ophthalmologic findings 
have been recorded with Catapres, in 


several studies the drug produced a dose- 
dependent increase in the incidence and 

severity of spontaneously occurring retinal 
degeneration in albino rats treated for 

6 months or longer. 


Adverse Reactions: The most common 
reactions are dry mouth, drowsiness and 
sedation. Constipation, dizziness, head- 
ache, and fatigue have been reported. 
Generally these effects tend to diminish 
with continued therapy. The following re- 
actions have been associated with the drug, 
some of them rarely. (In some instances 
an exact causal relationship has not been 
established). These include: Anorexia, 
malaise, nausea, vomiting, parotid pain, 
mild transient abnormalities in liver func- 
tion tests; one report of possible drug- 
induced hepatitis without icterus and 
hyperbilirubinemia in a patient receiving 
clonidine hydrochloride, chlorthalidone 
and papaverine hydrochloride. 

Weight gain, transient elevation of blood 
glucose, or serum creatine phospho- 
kinase; congestive heart failure, Raynaud's 
phenomenon; vivid dreams or nightmares, 
insomnia, other behavioral changes, ner- 
vousness, restlessness, anxiety and mental 
depression. Also rash, angioneurotic 
edema, hives, urticaria, thinning of the 
hair, pruritus not associated with a rash, 
impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or 
burning of the eyes, dryness of the nasal 
mucosa, pallor, gynecomastia, weakly 
positive Coombs' test, asymptomatic elec- 
trocardiographic abnormalities manifested 
as Wenckebach period or ventricular 
trigeminy. 


Overdosage: Profound hypotension, weak- 
ness, somnolence, diminished or absent 
reflexes and vomiting followed the acci- 
dental ingestion of Catapres (clonidine 
hydrochloride) by several children from 
19 months to 5 years of age. Gastric lavage 
and administration of an analeptic and 
vasopressor led to complete recovery 
within 24 hours. Tolazoline in intravenous 
doses of 10 mg at 30-minute intervals 
usually abolishes all effects of Catapres 
(clonidine hydrochloride) overdosage. 


How Supplied: Catapres, brand of cloni- 
dine hydrochloride, is available as 0.1 mg 
(tan) and 0.2 mg (orange) oval, single- 
scored tablets in bottles of 100. 

For complete details, please see full 
prescribing information. 

Under license from 
Boehringer Ingelheim GmbH 


(50 or 100 mg.) and furoser O mg.) was up to four 
times as great as that of furosemide (40 mg.) alone, compared 
to baseline values, in 1C normal volunteers. ! 'Dyrenium' 

(50 or 100 mg.) blocked the kaliuretic effect of furosemide in 
7 subjects. Patients with fluid overload and abnormal 
physiology may respond differently from volunteers; therapy 
should be titrated to the individual 


1. Stote, et al.: Effect of Triamteren 
in Normal Volunt 


Dlassium-sparing 


is adequate. Serum K* and BUN 
d periodically; elderly, diabetics, or patients 
with suspected or confirmed renal insufficiency should be 
erved closely. When ‘Dyrenium’ is given with furosemide, 
K* supplements should be discontinued, and not given 
unless hypokalemia develops or dietary potassium intake 
is markedly impairec 


See facing page for indications and brief summary of 
prescribing information 





rescribirig, see complete prescribing information in 
xF literature or PDR. The following is a brief summary. 
ical ons: Edema associated with congestive heart 
ure, cirrhosis and nephrotic syndrome; steroid- 
iduced edema, idiopathic edema, edema due to 
econdary hyperaldosteronism and edema resistant to 
ther diuretic therapy. 
aindications: Severe or progressive kidney disease 
sfunction (possible exception: nephrosis). Severe 
; Pre-existing elevated serum potassium 
sensitivity to the drug. Continued use in developing 
erkalemia. Do not give potassium supplements, either 
rug or by diet. 
hings: Observe regularly for possible le blood dys- 
ias, liver damage or other idiosyncratic reactions. Blood 
ias have been reported. Check BUN and serum 
um periodically, especially in the elderly, diabetics, 
ose with suspected or confirmed renal insufficiency 
regnancy only ly when essential to patient welfare. 


ium (triamterene, SK &F) and spironolactone are not 
usually used concurrently; if they are; however, frequent 
serum potassium determinations are required. 


"recautions: If hyperkalemia develops, withdraw the drug 
e following may also occur: electrolyte imbalance, low-salt 
idrome (with low salt intake), reversible mild nitrogen 
etention, decreasing alkali reserve with possible metabolic 
dosis. Do periodic hematologic studies in cirrhotics with 
splenomegal y. Concomitant use with antihypertensive 
drugs may result in an additive hypotensive effect. When 
renium' is to be discontinued after intensive or prolonged 


Reactions: Diarrhea, nausea and vomiting (may 
ate electrolyte imbalance), other gastrointestinal dis- 
urbanes, weakness, headache, dry mouth, anaphylaxis, 
hotosensitivity, elevated uric acid, rash 
Note. When combined with another diuretic, the initial 
* dosage of each agent should be lower than recommended. 
Supplied: 50 mg. capsules, i in bottles of 100; 100 mg. 
psules in bottles of 100, in Single Unit Packages of 
Bitended for institutional use only). 


The First Real Advance 
in Blood Pressure = 
Measurement since the 
Stethoscope... 


Eliminating it. 
SphygmoStat^ s 
ELECTRONIC | 


THE UE 
PROFESSIONAL  B-350 


Discrete solid-state with large . 
dial, flasher and battery level 


indicator. $175.00 
Complete . 


THE . 

PERSONAL B-250 

Integrated circuitry with LED — = 

flasher. $135.00 i 
Complete 


Both models penlite-battery 
operated. : 
W Eliminate stethoscope 
Wi Highly accurate, easy to use. 
Wi Patients can take own - 
blood pressure, permit- 
ting. medication only 
when indicated 


Please send. SphygmoStat 
Model tO: 
Name rece 
Address : E 
City State... Zip 
Payment enclosed: | Pes: 

Mailto: == E 
TEINIEN. RESOU 





Teleph one: (61 D 899-3741 


















The Third 
Step in 
Angina. 


After the classic 
“2-Step” Test aids 
in a diagnosis of 
angina, sustained- 
release Nitro-Bid® 
(nitroglycerin) is a 
logical third step. 
Here's why. 

In angina secondary to 


arteriosclerotic heart 
disease, sustained-release 






Nitro-Bid" (nitroglycerin) 
therapy assists in the 
"total management" 

of your patient. 


Nitro-Bid capsules reduce 
sublingual nitroglycerin 


requirements as they reduce 


the number of angina 
attacks... increase exercise 
tolerance. 


Sustained-release 
Nitro-Bid Plateau CAPS" 
provide a 

metered sequence of 
medication during the 
night to protect against 
nocturnal angina attack. 


In titrating dosage, 
availability of 
different strengths 
" ..ls quite an 
asset..." 

Nitro-Bid 2.5 and 

Nitro-Bid 6.5 capsules 
afford two dosage 

strengths for convenience 
in increasing or decreasing 


dose to accommodate 
patient symptoms. 

















NITRO-BID 2.5 


(nitroglycerin 2.5 mg) 
Plateau CAPS* 


NITRO-BID 6.5 


(nitroglycerin 6.5 mg) 
Plateau CAPS? 


| INDICATIONS 
Based on a review of this drug by 

| the National Academy of Sciences— 
National Research Council and/or 
other information, FDA has classified 
the indications as follows: 

| * “Possibly” effective: 

For the management, prophylaxis 
or treatment of anginal attacks. 
Final classification of the less-than- 

effective indications requires further 
| Investigation. xd 














Contraindications: Recent myocardial 
infarction, severe anemia, glaucoma, 
increased intracranial pressure, 
idiosyncrasy. 

Precautions: For ORAL, not sublingual, 
use. If blurring of vision or dryness of 
mouth occurs, discontinue drug. 
Tolerance may develop on long-term 
usage. 

Adverse Reactions: Occasional tran- 
sient headaches. Overdose may cause 
flushing, headaches, tachycardia, 
dizziness. 

Dosage: One capsule two or three 
times daily at 8 to 12 hour intervals. 
Reference: 1. Master, AM: The 
management of angina pectoris. Modern 
Medicine 38:92-100 (Feb 23) 1970. 
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a ed Monograph E 
v 304 PP. ilag: about $19. 50/£9.35.. 


TS Cad tó: ; The Clinical Microbiology of ‘the Laboratory Findings and Diagnosis; The Course, Prognos an 
i reptococcus;. Streptococcal Infections; The Natural History of Rheumatic Fever; Treatment ai 
niology of Rheumatic Fever; Etiology and Pathogenesis, ment; Prevention. of Rheumatic Fever; Imm 


Pathology. o! Rheumatic Fever; Clinical ‘Manifestations; Group: ® Suerticenorel Infections—The Immunolog 
NEIN ERROR: IP E 


- Recent Trends in Cardiovas cu Y. 


and Thoracic Surgery 


THE STATE OF THE ART—1975 
id iby J. B. BORMAN, MD. 


250 pp., illus. abt. $15.00/27.20 
8089 08707 | : : Topics include: Surgical Treatment of Con nital : 


Disease; Surgical Treatment of Rheumatic 
Surgical Treatment of Ischemic Heart Dise: 
tation; Lung and Esophageal Surger 
Süger ourger 


EDMUND H. SONNENBLICK, M.D., Editor 
AEL LESCH, M.D., Associate Editor -Thearticles include 


1975 Published bimonthly, annual subregion, $25.00 The Patient with Congenital Heart Disease After Surgical: 
‘ Repair: An Overview 
Electrocardiographie Changes Following Surg 


onthly topical EE e issue (or series of consecu- P Vac fers AE f Left uu ; 
e issues) takes up a single major topic important to today's ulmonary Hemodynamics After Repair o Nigi 


d tanding and treatment of disorders ofthe heart and circu- Lesions Associated with Pulmonary Artery Hypertens 
Assessment of the Postoperative Patient by. Nasodeiinin 


Techniques 
Prosthetic Value Replacement i in Children; , 
Myocardial Performance After Anatomic or Ph 
Corrective Surgery b, 
~ Radiographic nee in the Postoperative Pátiéti 


d experts approach a topic from various angles, using 
é eryday experience and providing a complete, up- 
ate review which dud un besti incurrent tinodedae: 


.GRUNE & STRATTON 


A t Sübsidiaty of Harcourt Brace Jovanovich, Publishers 
-111.Fifth Avenue, New York. N, Y.-10003 
_ 24-28 Oval Road, ‘London, NNI 7DX : 
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THAN A COMPLETE CARDIAC DIAGNOSTIC SYSTEM? 
Why. indeed! Medcrafts CDC 70 System is a real cost ambulatory patient monitoring recorders with 
rkhorse, Use it. cassette tape recording (up to 16 hours per cassette) 


e for stress testing . switchable 5-lead resting or stress test ECG . 
© asa ambulatory patient monitor and a host of other wanted features and optional 


capabilities. 

Jor routine CERES To learn more, call, write, or use the coupon below 
oesn’t it make a lot of good sense to have one to receive our latest brochure describing the CDC 
sophisticated, yet rugged instrument for all your 70 System. You'll be surprised at the sophisticated, 
Bar is ERE enough to be kent à maU its years-ahead design and the low cost "of owning 
The all solid-state CDC 70, Cardiac Diagnostic THE CDC SERIES 70 TH 
System, is easy to use, compact, and smartly styled. SYSTEM by FEE 
“It offers.a pemon scope display and oe print- 
out tor ECG . digital heart rate display . ~, low- 

























Box 542 « Skippack, Pennsylvania 19474 e (215) 584-6825 . 
i et am sm te se etl ct — m a wi d me om - aa me 


f 5. Desedinin J * P.O.Box542 + Skippack, Pennsylvania 19474 
my co Har CDC 70 brochüre 





fer a demonstration appointment. 














One of the most powerful weapons 


in man’s fight against cholesterol. 


b 


A low saturated fat/low cholesterol diet can be effective, 
easy to maintain and delicious with the help of Fleischmann's? Margarine and 


TM 


Egg Beaters,” Fleischmann’s cholesterol-free egg substitute. 


Soft 


à Fleischmanns 
Fleischmanns is made from 100% corn - mode hom 100% corn od 


saturated fat. We even have free recipe 


booklets to give patients lots of ideas on 


Ot all leading margarines, only 


oil. And clinical tests show corn oil is erae wma - sensible eating. To receive your sampk 
unsurpassed in lowering serum choles REUSCH) ny copy of "Dietary Control of Cholesterol 
terol levels. Fleischmanns Margarine T and “Cooking with Egg Beaters, write 
brings that corn oil qoodness and deli ; Bb oto Fleischmanns, P.O. Box 1538, Elm 
cious taste to your patients diets. And ya City, North Carolina 27898. Allow 4-6 
Egg Beaters, Fleischmanns cholesterol j : -— weeks for delivery. Offer good only in 





free egg substitute, lets patients enjoy ee : y USA. while supply lasts. Address must 
the taste and nutrition of eggs. but no * Íp 4 include zip code. Void where prohibited 
cholesterol. Yes, Fleischmanns helps a -— š : i a 
Fleischmann’s makes sensible eating delicious. 
butter-and-eqq man enjoy a delicious, - 
sensible diet thats low in cholesterol and F E Fine products of Yhandaid Brands 








orrection of Platelet Dysfunction and Bleeding in 
Cyanotic Congenital Heart Disease by Simple Red 
ell Volume Reduction 


HA ROLD M. MAURER, MD Red cell volume reduction corrected the platelet aggrega 
ROLYN M. McCUE, MD, FACC mality and bleeding tendency in four boys, aged 5 to 16 yea 
SE W. ROBERTSON, MD vere cyanotic congenital heart disease and polycythemia. 
YCE C. HAGGINS, BS ume was reduced by replacing 15 to 20 ml/kg body weight o 
tient’s blood with plasma in 50 ml increments over a 1 to 2 hour pe 
Within 3 days, platelet aggregation was restored essentially t 
and previous bleeding symptoms disappeared. Platelet agor 
mained normal during 3 weeks of follow-up study and hemat 
values remained at palliative levels. The procedure was sa 
ple, and it had beneficial effects not only on bleeding but also 
symptoms related to polycythemia. These preliminary: obser 
suggest that red cell volume reduction may be useful preoperati 
patients with cyanotic heart disease and defects in platelet functi 
lessen the risk of serious bleeding during the early postoperativ 
od. Palliation in severely cyanotic children whose condition is W 
ble is another possible indication for this procedure. 


Children with severe cyanotic congenital heart disease and. polye: 
mia have a potential bleeding disorder that can lead to seric 
even fatal hemorrhage at the time of cardiac surgery.'-* Preoper. 
bleeding symptoms, although for the most part mild, ma 
easy bruising, petechial hemorrhages in skin and mucous membi 
purpura, epistaxis and gingival bleeding. The severity of s 
usually correlates with the severity of hypoxemia and polycyt 
When the disturbance is present preoperatively, the risk of pos! 
ative hemorrhage is amplified. Recently, the potential bleeding « 
der has been linked to a qualitative abnormality of the platelets wi 
out thrombocytopenia.>® In such cases the platelets. fail to aggr 
normally when challenged by appropriate agents in vitro.5 Th 
icance of the abnormal response relates to the fact that 
aggregation is an essential step in the formation of platelet plugs 
seal gaps in damaged vasculature. Although defective platele 
gation is a common disturbance in hemostasis in cyanotic cor 
oe heart disease, a plan for management of this disorder bef 
pecker: of Pediatrics, Virginia after surgery has not previously been reported. - E 
ith University/Medical College. of “In this study, we present preliminary evidence shi 
ni ; ell volume reduction (erythropheresis) in patients witk 
rrects the platelet function abnormality. With this pre 
ore employed to reduce some of the other adverse p 
fects of polycythemia, >71 Potem function c can be r 
malf rat east 3 weeks. jud 










tinent HematologicData 





Diagnosis 


Mitral atresia, single ventricle 





2032 ' Transposition of great arteries, 
sirgle ventricle, pulmonary 
stenosis 

S3 Tricuspid atresia, ventricular 


and atrial septal defects 


Transposition of great arteries, 
ventricular septal defect, 
pulmonary stenosis 


Methods 


ed 5, 12, 13 and 16 years, respectively, with 
nital heart disease and polycythemia were 
phlebotomy and isovolumic plasma transfu- 
ce red cell volume. This procedure was used to 
ue and dyspnea related to polycythemia. None 
nts was a candidate for surgery at the time. Be- 
also had bleeding symptoms and platelet dys- 
we had the opportunity to study the effects of 
ure on both the bleeding tendency and the 
tion. The cardiac lesions and pertinent hema- 
are listed in Table I. Results of coagulation 
ormal, and fibrin degradation products were 
'children. 
olume reduction was accomplished over a 1 to 
* period. À 19 gauge scalp vein needle was inserted 
n antecubital fossa or hand vein and attached to a 
way stopcock. Blood was withdrawn from the patient 
ml aliquots and replaced with an equal volume of 
rozen plasma until 15 to 20 ml/kg body weight of 
been exchanged for plasma. All patients tolerat- 
ocedure without complications during the period 
udy. 
is blood for platelet aggregation studies was col- 
h a disposable needle and plastic syringe, and 
h 4 percent sodium citrate solution in a plastic 
amount of anticoagulant used was adjusted in 
on to the hematocrit. Platelet-rich and platelet- 
lasma was obtained by centrifugation as previously 
ed.'* Platelet counts in platelet-rich plasma were 
3 proximately 300,000/mm? by dilution with 
< plasma. Platelets were enumerated in a 











el. aggregation. studies were performed in an 
immediately after collection of blood by 
y reported.!^ Agents used to induce platelet 
adenosine diphosphate (final concentra- 
(uM a Chemical; St. Louis, Mo.), 
concentration, 20 4M, Win- 















ork, N. Y.) and connective tissue .. cet 
human subcutaneousfat.| Con- -f 











o o Curent 





BÉ s E Current 3 
See Surgical TAN E Hematocrit -Platelet Count.: 
Procedure < : Age. 09 Oy mm): : 













Pulmonary artery 3 mo 68 
banding 
Bialock-Hanlon 7 mo 
atrial septectomy 
Gienn anastomosis 13 mo 61 306 
Bialock-Taussig 6 yr 
shunt 
Gienn anastomosis 5 yr 70 166. 
Bialock-Taussig 13 yr 
shunt 
Bialock-Taussig 3 yr 75 139 


shunt 



























nective tissue suspension was standardized for use accord- - 
ing to aggregating activity and optical density measure- 
ments. The minimal concentration of particles that in- 


duced full aggregation (greater than 70 percent aggrega- ` x 


tion) in normal persons was employed. The suspension that . 
met this requirement had an optical density of 0.05 at a 625 . : 
u wavelength after dilution of the stock with saline solution 
(1:8). 

Percent platelet aggregation was defined as the:percent . 
change in light transmission of platelet-rich plasma 5 min- 
utes after the addition of aggregating agent, and was calcu- 
lated as follows: 


T? min 2. TPRP 
qPPP— qPRP X 100 


where: T°™" = transmission at 5 minutes after addition of - 
aggregating agent; TPRP = transmission of platelet-rich 
plasma; and TPPP = transmission of platelet-poor plasma. 
At 5 minutes, maximal (secondary) aggregation is observed. 


In vitro studies were performed to determine whether . ME 
normal donor plasma contained a substance or group of = 


substances that could correct the platelet abnormality ex- 
hibited by these patients. After 0.2 ml of the patient's 
platelet-rich plasma was incubated with an equal volume of 
normal donor platelet-poor plasma (final platelet count of 
the mixture was approximately 300,000/mm?) at room tem- ` 
perature for 30 minutes, platelet aggregation was tested. 

The identical volume of the patient's platelet-rich plasma, - 
incubated in 0.2 ml of his own platelet-poor plasma, served i 
as the control test. ue 






















(Q PLATELET AGGREGATION = 


1 3 7 
PHLEBOTOMY TIME (DAYS) 


CASE 3 
100 


“4. Effect of red cell vol- 

ume reduction on. platelet aggre- 
tion by adenosine diphosphate 
;noradrenalin and connec- 
issue suspension. The shad- 
rea represents the normal 

| this laboratory for per- 
jegation. The arrow indi- 
phlebotomy and si- 

S isovolumic plasma 

lon were performed. PHLEBOTOMY TIME (DAYS) 


(X) PLATELET AGGREGATION 


phate, noradrenalin and connective tissue sus- 
ion improved and was essentially normal by 3 
(Fig. 1). It remained normal at 7 days. Between 
ays and 3 weeks, in two children subsequently 
ted, aggregation continued to be normal. Coinci- 
dent with improvement in platelet aggregation, pete- 
chiae and purpura cleared and no new bleeding 
mptoms appeared. Bleeding time, by the Duke 
iethod, was less than 3 minutes in all children both 
fore and 24 hours after the procedure (normal 
values less than 5 minutes). 
Hematocrit: After the procedure, hematocrit 
ues fell 10 to 12 points to the 50 to 60 percent 
rebounded slightly, then stabilized in the high 
to low 60 percent range by the 7th day in all chil- 
but one (Fig. 2). Although the hematocrit of this 
hild followed a similar pattern, the value was slight- 
higher at the end of a week because of more in- 
se polycythemia initially. In the two children fol- 
ved up for 3 weeks, hematocrit values remained in 
he upper 50 percent range with little change. 
Platelet count: Reduction in red cell volume had a 


(%) PLATELET AGGREGATION 


3 
PHLEBOTOMY TIME (DAYS) 


CASE 1 


(%) PLATELET AGGREGATION 


7 
PHLEBOTOMY TIME (DAYS) 


above 45 percent, was 17.5, 16.3 and 15.6 perce 
spectively, when each patient’s platelets wer 
in his own plasma, and 16.3, 23.5 and 21. 
respectively, when they were incubated. w 
from a normal donor. 

Postoperative bleeding: Two of the four ; 
(Cases 3 and 4) have subsequently been subjecte 
palliative surgery and one (Case 3) had an uncomr 
cated postoperative course after preoperative r re 
volume reduction. In the other child (Case 4): 
ia developed during the replacement of plasm. 
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. FIGURE 2. Effect of red cell volume. reduction. onn 
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3. Effect of red cell. volume reduction on platelet count. 
represents a patient. The arrow at left indicates when 
tomy and simultaneous isovolumic plasma transfusion were 





procedure was discontinued after only 20 percent 
intended volume of blood had been exchanged 
jlasma. Platelet aggregation remained abnormal. 
ee days later, the patient underwent surgical pro- 
ure of the Rastelli type for transposition of the 
rteries with pulmonary stenosis and ventricu- 
eptal defect and experienced hemorrhage for the 
ur postoperatively. Bleeding was immediately 
cted by infusion of two platelet packs, after 
h he had a remarkably good course. 





Discussion 


though bleeding manifestations in polycythemic 
ren with cyanctic congenital heart disease are 
usually mild and require no special treatment during 
ine medical management, some children have se- 
.or even fatal hemorrhage if subjected to sur- 
ry. Because the underlying hemostatic disturbance 
3 not been well understood, pre- and postoperative 
nagement has usually been supportive. Jackson? 
mmended preoperative phlebotomy for these pa- 
about 10 years ago, but the procedure has not 
widely adopted because of insufficient data to 
support its efficacy. Although reports have focused 
ittention on improvement in coagulation factor ac- 
tivity after phlebotomy alone or phlebotomy with 
. plasma replacement, in many of the patients the 
301 ulation factor were not sufficiently abnormal 






function caused By defecti 


with the severi Ly O 


; os shown that polycythemic chil- - 


B .rapid correction of aggregat 
otic congenital heart disease have ab- o 





not limited to any single cardiac lesion and is associ- ` 
ated with a prolonged. bleeding time in approximate- . 
ly 20 percent of patients? An obvious question was 
whether red cell volume reduction would correct the. : 
platelet function abnormality. : 
Reduction in red cell volume produced a dramatic : 


improvement in platelet aggregation and bleeding < 


symptoms in our four cases. By the end of the proce- : 
dure, platelet aggregation was partially corrected in = 
most of the children, and by the 3rd day was essen- . 
tially normal in all. The patients experienced no new _ 
bleeding symptoms. Platelet aggregation remained 
normal during 3 weeks of follow-up study and he-. 
matocrit values remained at palliative levels. e 
Reduction in red cell volume and risk of bleed- 


ing at surgery: One may ask whether improvement . 
in aggregation reflects a decreased clinical risk of. . 
bleeding at surgery. Our experience with the child . 


who received only 20 percent of the intended ex- 
change of blood for plasma suggests that this may be 
true. The child experienced hemorrhage for the 1st 
hour after surgery and responded immediately tò an.. 
infusion of two platelet packs. It has been observed | 
that as little as 5 to 10 percent normal platelets cor- 


rects the platelet function abnormality induced by _ 
aspirin.'415 The platelet abnormalities observed in ` 
patients with cyanotic congenital heart disease and in ` 
patients treated with aspirin appear to be functional- .. 
ly similar. If sufficient amounts of normal platelets 


are present, the entire platelet pool may behave ap- 
propriately with respect to its hemostatic function. 

In a previous report? we noted that none of 10 se- <. 
verely cyanotic children who had defective platelet  . 
aggregation had experienced symptomatic bleeding . 
during earlier palliative cardiac surgery. The absence. 
of postoperative bleeding symptoms could not be sat- 
isfactorily explained. More recently, we have re- 
viewed the case records of these children and have . 
discovered that each child had received a phlebotomy ` 


with plasma replacement preoperatively to reduce 


blood viscosity in hope that surgery would be tolerat- 
ed better. In retrospect, the absence of postoperative — 
symptomatic bleeding in these patients is probably a 
result of the beneficial effects of the procedure on he- 
mostasis. Although we are encouraged by our find- 
ings, the data are as yet preliminary and larger clini- 
cal and laboratory correlative studies are necessary to 
determine whether improvement in aggregation truly ' 
reflects decreased clinical risk of bleeding at surgery. 
Mechanism of correction of platelet function: 
The mechanism by which platelet function is correct- 


ed by red cell volume reduction is not yet under- 2 


stood. In vitro studies showed no corrective effects of ^. 
normal donor plasma on the abnormal platelets. A. 
decrease in blood viscosity resulting from the proce- 
dure would appear to be a: aportant factor. The 

three of four. pa- 2 













tients implies an immediate bor 
platelets : or r aplenic rele 








ypoxemia and polycythemia, i is 





pid change’ in plate e dastabolibin. At Deest: 
no evidence for any of these mechanisms, but 
ler investigations into etiology are in progress. 
tever the mechanisms involved, the findings 
st the existence of an important relation be- 
platelet behavior and. blood viscosity, red cell 

ie and hypoxemia. 
inical indications: Our conclusions and recom- 
tions are às yet preliminary. However, our 
ata suggest that red cell volume reduction offers a 
le, rational approach to palliation in the child 
"bleeding manifestations attributed to poly- 

hemic cyanotic congenital heart disease. 

preferred, red cell volume reduction can be per- 
ormed on an outpatient basis, thereby avoiding the 
xpense of hospitalization. To lessen the risk of ex- 
essive bleeding during the early postoperative peri- 
the procedure ought to be carried out approxi- 
nately 2 to 3 days preoperatively to allow ample time 
OE. correction of the hemostatic defects. Hemody- 


eaten vastular resistance de an i 


stroke volume, systemic blood flow and sy: 
gen transport. 10 Acute phlebotomy without pla 
replacement is not recommended, for it ma rh 


sudden reduction in stroke volume. ant $ 

blood flow.1949 Although supportive chemother 
should be available at surgery in the event of pos 
erative hemorrhage, the need to correct hemostati 
defects by replacement therapy may be elimin: 

or at least greatly reduced, by preoperative : red el 
volume reduction. 
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AS T. KOUCHOUKOS, MD, FACC The results ef saphenous vein bypass grafting and medical treatment 
^ | were compared in 53 patients with stable angina pectoris, high grade 
. RUSSELL, Jr, MD, FACC occlusive disease confined to the left anterior descending coronary ar- ^. 
AMNES tery and normal or minimally impaired left ventricular function. Surviv- 
ham: Alabama al, incidence of myocardial infarction, relief of angina and response to c 

D eae exercise testing were evaluated. in the 29 surgically treated patients, . n 
followed up a mean of 24 months, there were two late deaths (7 per- 
cent) and five myocardial infarctions (17 percent). Twelve patients (41 
percent) were free of angina and the majority had increased exercise mt 
performance when tested up to 18 months postoperatively. In the 24 ; 
medically treated patients, there were no deaths and one myocardial 
infarction (4 percent) in a mean follow-up period of 37 months. Six pa- 
tients (25 percent) were free of angina. Less improvement in exercise 
performance was observed than in the surgically treated group. _ 

This subset of patients with isolated left anterior descending coro- 
nary artery disease has a favorable prognosis that is not enhanced by - à 
bypass grafting. Surgical treatment is more effective than medical. 
treatment in relieving angina and improving exercise performance in 
the early years after coronary arteriography. 








































Aorta to coronary artery bypass grafting procedures have been sheen oh 
to relieve angina pectoris completely or partially in a high percentage .— 
of patients!-? and to improve exercise performance and left ventricu- |. 
lar function in certain groups® in the first several years after opera- 
tion. Data demonstrating the effectiveness of these procedures in pre- 
venting myocardial necrosis and death from myocardial disease are 
conflicting and less abundant. 11-13 ; 
Studies on the natural history of coronary atherosclerotic disease .. 
using coronary arteriography either alone!4-!" or in combination with — 
some assessment of left ventricular function!®-17.18 have defined sub- .; 
sets of patients who are at various degrees of risk of death from ath- =- 





epartments: of Surgery, Medicine, erosclerotic heart disease. In the absence of prospective randomized z 
ic Health and Epidemiology, School of studies, a retrospective comparison of results of surgical and medical 
ine and the Medical Center, University of therapy i in patients classified into such subsets may be a useful meth- 
ma in Birmingham, Birmingham, Ala. This od. of assessing the relative effectiveness of these two types of treat- E 
was: ‘supported in part by Program Project ment. E 
11310 from te National Heart and 









This study compares the results of surgical and medical therapy i in 

53 patients with stable angina pectoris, high grade occlusive di 
confined to the proximal left anterior descending coronary. artery and 
. no significant. impairment. of. "ud vel 
== end points evaluate 
erity Station, zu dial infarction, lie 





















T tudy group consisted of 53 pareat with stable an- 
pectoris who underwent coronary arteriography be- 
ne 1966 and February 1973. These patients had a 

grade occlusive lesion (greater than 75 percent nar- 
-of the intralumenal diameter or total occlusion) 
fined to the proximal portion of the left anterior de- 
ing coronary artery. Patients with this lesion but with 
tricular aneurysms or large anterolateral akinetic areas, 
o or more localized areas of akinesia or dyskinesia, or 
diffuse contractile abnormalities were not included. 
wenty- -nine patients had grafts of reversed saphenous 
ein from the ascending aorta to the middle third of the 
aterior descending artery and 24 patients were man- 

| medically. No rigid criteria were employed to deter- 
the üse of medical or surgical therapy in a particular 

nt. The decision was based in part on the preference 
he patient and his private physician and on knowledge 
he favorable prognosis of this lesion in patients man- 
without operation.!^ Only four of the patients treated 
edically underwent coronary arteriography before July 
969, the date when coronary bypass grafting procedures 
e first performed at the University of Alabama Hospi- 


nical features: The pertinent clinical characteristics 
patients in the two groups are summarized in Table 

ére were no statistically significant differences be- 

the usual levels of activity required to produce angi- 
‘dyspnea on exertion in the two groups. The mean age, 

rit of male subjects, duration of angina and electrocar- 
graphic evidence of previous myocardial infarction 

ng Q wave criteria of the Minnesota codel? were compa- 

le. Two patients in the surgically treated group and one 

| the medically treated group had symptoms of congestive 
eart failure (orthopnea, nocturnal dyspnea, peripheral 
.edema) that were substantiated by either roentgenographic 
evidence of cardiac enlargement or increased left ventricu- 
-lar end-diastolic pressure. Treadmill exercise electrocardio- 
‘grams were performed in 23 of the surgically treated and 21 

of the medically treated patients, using achievement of 90 
ercent predicted maximal heart rate, a clinical indication 
chest pain, dyspnea or other symptoms) or electrocardio- 
raphic changes as a reason for terminating the test.” In 15 
the surgically treated patients (65 percent) and 11 of the 
dically treated patients (52 percent) the test was termi- 
ated because of chest pain. The mean total time (+ stan- 
ard error of the mean) on the treadmill was 4.0 + 0.43 
tes for the surgically treated group and 6.0 + 0.61 

ites for the medically treated group (P <0.01). There 

as no statistically significant difference in the maximal 
t rate achieved (surgically treated group 137 + 4.7; 

"medically treated group 148 + 4.9). 

“Coronary arteriographic findings: Stenoses of less 
han 50 percent of the intralumenal diameter were present 
the right coronary artery in eight patients (15 percent), 
ind in the circumflex coronary artery in six patients (11 


TABLET na 
Characteristics of Patient Groups: 


Surgically Treated. Medi i 
Group : 





Patients (no.) 29 

Mean age (yr + SEM) 48.443: 1.6: 

Male patients (96) 93.1 

Duration of angina 31 -+ 6.3 
(months + SEM) 

Previous myocardial infarction 
by electrocardiogram (no.) 
Congestive heart failure (no.) 2 (795) 
Disease in other vessels (no.) 

<50% stenosis of right 
coronary artery 
<50% stenosis of circumflex 
coronary artery 
Duration of follow-up j 
Mean (months + SEM) 24.33: 1.3.7 
Range (months) (9-36) 


7 (24%) 


7 (2196) 
4 (1496) 


SEM = standard error of the mean. 


TABLE HI f ; 
Location and Severity of Occlusive Disease of the. nte 


Descending Coronary Artery 


Surgically 
Treated 
Group 


Total occlusion 
Proximal to first septal perforator 
Between first septal perforator 
and first diagonal 
Distal to first diagonal 
Greater than 75 percent stenosis 
Proximal to first septal perforator 
Between first septal perforator 
and first diagonal 
Distal to first diagonal 
Total 





would have been suitable for bypass grafting. Pa 
a totally occluded left anterior descending arter 
the distal portion of the vessel did not opacify di 
tion into the right or left circumflex arteries were 
cluded from the study. There were no other cont 
tions to operation in the medically treated grape 


Surgically Treated Patients 


'cent). The distribution of these lesions in the two treat- 
nt groups is. shown in Table I. Stenoses of this degree of 
y are not considered an indication for bypass graft- 

r surgical service. The severity and location of the 

of the left anterior descending artery in relation to 

mal branches are shown in Table II. The coronary. 

ms of all patients with occlusive disease confined... complished with a fine continuous suture 

terior descending. artery who were managed cardioplegia achieved by clamping of the 

"peri iewe — . The period of ischemia averaged 27 + 71 

mosis of wes vein to the serta was perform 


Operation was performed an average of: 8 week 
coronary arteriography. Cardiopulmonary bypass 
moderate hypothermia (30° to 32°.C) was employed 
cm segment of the mid-portion of the left anterior di 
ing coronary. artery was isolated - using traction. s 
Anastomosis of the segment of vein to 









INITIAL TEST 









sing a partially occluding clamp on the as- 
while rewarming of the patient was carried 
atients received sodium warfarin from the 2nd 
peration to the day of discharge from the hospi- 
ocardiograms were obtained preoperatively, on 
of operation, and on the Ist, 2nd, 3rd and 7th days 
peration. 
enty-seven of the 29 patients have been evaluated at 
month intervals postoperatively in the Heart Evalua- 
linic of the University of Alabama Medical Center. 
-tip information an the remaining two patients was 
ined from the patients’ physician. Twenty-two pa- 
‘76 percent) were hospitalized at an average interval 
ths after operation for repeat coronary arteriogra- 
ssessment of graft function. Eighteen of the 23 
whose preoperative tests were available for com- 
on performed graded exercise testing. The average du- 
of follow-up for the entire surgically treated group 
4 months (range 9 :o 36). 


ically Treated Patients 


tients i in the medically treated group returned to their 
vate physician for treatment. Annual follow-up was 
aintained either by examination or by contact with the 
nt and his physician. No attempt was made to control 
cal therapy. Fifteen of the 24 patients returned to the 
Evaluation Clinic for evaluative studies including 
xercise testing; the other 9 patients responded to 
nterviews. Two of the latter had angina similar 
present on initial evaluation, three had less angina 
ere free of pain, thereby indicating the reluc- 
! ively asymptomatic patients to return for fol- 
iverage duration of follow-up for the medical- 
atients was 37 months (range 13 to 93). 








Results 


le results of therapy in the two groups are sum- 
ed i in Table MI. 





Surgically treated group: There were no opera- 
earl stoperative deaths. There were two 

ient died 9 months postopera- 
ficted gunshot wound; a postmor- 
not carried out and repeat coro- 
had not. been performed. The. 























































A 
ANGINA DYSPNEA 


Relief of Angina Pectoris _ 


(Al Percent) were free of a 







FIGURE 1. Changes in limiting symp- 
„toms with exercise after surgical and 


operative; PRE-OP = preoperative. 


other patient died 14 months postoperatively of car- 
diac failure after a posterior myocardial infarction; 


the vein graft in this patient was patent 13 months iy 


after operation. The total mortality rate was 6.9 per- 
cent in the mean follow-up period of 24 months. 


Medically treated group: There have been no ` 


deaths in this group of patients followed up for : a : 
mean of 37 months. s 


Subsequent Myocardial infarction 


Surgically treated group: Three patients ao 
percent) had a myocardial infarction. in the early 
postoperative period as assessed by the electrocardio- 
graphic criteria previously outlined. These infarcts © 
were anterolateral or anteroseptal i in location. In two: 


of the three patients, the vein graft was subsequently e 
shown to be patent; the status of the graft in the 


third patient was not determined. There were two 
late infarctions, 1 and 8 months, respectively, after 


operation. The first was anterior in location and was _ 


associated with occlusion of the graft; the second was 
posterior. The total infarction rate was 17.2 percent. 


In 18 patients (62 percent) significant ST-T wave 3 
changes developed in the postoperative electrocardi- < 


ograms (defined as ST-T elevation of 1 mm or more 

in leads I, II, aVL, aVF or V4 to Vg, and elevation of 2 

mm or more in leads V, to V3; or ST-T depression 1 

mm or more in leads I, II, Vo to Vg and aVL in the 

presence of an R wave amplitude of at least 5 mm in 
lead aVL) suggestive of significant myocardial isch- 

emia or necrosis.?! 


Medically treated group: A myocardial infarc- Te 
tion occurred in one patient (4.1 percent) 39 months vu 
after coronary arteriography. The infarct was posteri-- - 


or and this patient had 95 percent stenosis of thean- = 
terior descending artery E the septal and first E 
diagonal branches. t 











patients, 12 — 
months after. 
than be- |. 
juivalent. or. 


. Surgically treated. group: Of th 





medical treatment. POSTOP = post. .. 














angina. 22 v vein i p: (68 1 ier: 
ere patent at the time of study. Eight of the 
atients (53 percent) with patent grafts and 3 of 
patients (43 percent) with occluded grafts had 
gina. Twelve of the 15 grafts and anastomotic 
tes were free of stenoses, and opacification of the 
|. anterior descending coronary artery proximally 
nd distally to the anastomotic site was observed in 
all these patients. Opacification of this artery only 
distal to the graft was observed in two of the remain- 
ng patients and only proximal to the graft in the 
uird patient. All three patients have angina. 
Among 16 patients with high grade stenoses of the 
roximal left anterior descending artery studied 
yostoperatively, complete occlusion of the artery 
proximal to the graft-artery anastomosis developed 
n12 patients (75 percent). The saphenous vein graft 
as patent in nine of these patients and occluded in 
three. Significant progression of disease in the right 
and circumflex vessels was observed in only 1 of the 
patients restudied (4 percent). In this patient, a 30 
reent stenosis of the mid-right coronary artery pro- 
essed to 90 percent stenosis in the 5 month interval 
between the preoperative and postoperative arterio- 
ns. This patient has an occluded graft and is free 


na. 

edically treated group: ye of the 24 patients 
percent) are free of angina, 8 (33 percent) have 
“angina and 10 (42 percent) have the same 
amount of or more angina than before arteriography. 
wo of the latter patients underwent repeat coronary 
arteriography 21 and 55 months, respectively, after 
e initial study. No change in the occlusive disease 
he left anterior descending artery was observed. 
In the first patient, a 40 percent stenosis was present 
in the left circumflex artery, which was normal at the 

first examination. No other new stenoses were noted. 


xercise Testing 


‘Surgically treated group: Graded exercise tests 
erformed 6 months after operation were available in 
8 of the 23 patients with preoperative tests. The du- 
ation of time on the treadmill increased from 3.8 + 

5 to 5.0 + 0.48 minutes (P <0.05). In 15 patients 
valuated 1 year postoperatively, the time increased 

‘om 4.4 + 0.50 to 6.2 + 0.64 minutes (P <0.05). In 13 
atients evaluated 18 months postoperatively, the 

e increased from 3.7 + 0.60 to 5.5 + 0.49 minutes 
P «0.05) In nine patients evaluated 24 months 
ostoperatively, the time increased from 3.6 + 0.65 to 

2 + 0.78 minutes. The latter increase was not statis- 
ically significant. One year postoperatively, 10 of 15 

tients (67 percent) exercised for at least 30 seconds 
nore than on the initial test and 8 (53 percent) 
ieved an increase in maximal heart rate (Table 


ulis of exercise: testing according to the sta- 
ie. graft are shown in Table IV. Six months 


ively, patients with patent grafts had a sig- ; is 
e in time on the treadmill by compari- ` > 
D of the 23 patients treated without it aparaton c 


with oc luded gea: Ee <0. $27 


‘Surgical 
Treated 
Group 
(mean 
follow-up 
24 mo; 
no. = 29) 
(%) 


Patients surviving 
Subsequent myocardial infarction 
Relief of angina pectoris 
Complete 
Partial 
Totals 
Improvement in exercise testing 
Increased treadmill time 
(> 30 seconds) 
Increased maximal heart rate 


* 15 patients evaluated 12 months postoperatively. 
1 14 patients evaluated 29 months after coronary arteriogra 


TABLE IV 


Results of Exercise Testing in 15 Surgically.) Treated Po 
According to Status of Graft 


Minutes on Treadmill 
(mean -+ SEM) 


6 Months 
Status of Patients Before After 
Graft (no.) Operation Operation: 





5.24-0.6.- 
4.53: 0.9 


Patent 12 
Occluded 3 


3.94 0.5 
4.63: 1.4 


NS — not significant; P — probability; SEM = standar 
of the mean. 


Medically treated group: Repeat exercise 
an average of 29 months after coronary arteriogra 
in 14 patients demonstrated a significant incr 
treadmill time from 5.5 + 0.76 to 6.8 + 0.59 m 
(P <0.05). Seven of the 14 patients (50 percent) 
cised for at least 30 seconds more than on the 
test and 4 (29 percent) achieved an increase 
rate (Table IIT). A comparison of the changes 
iting symptoms with exercise in the surgically 
medically treated groups is shown in Figure 1. 

Because many of the patients had. base-line 
wave abnormalities on the electrocardiogram 
some were hypertensive or were receiving d 
therapy, evaluation of the S-T response to e 
was not feasible. : ; 


Discussion 


Prognosis of high grade stenosis of | 
or descending coronary artery: The st 












idy, bypass grafting procedures did not en- 
this favorable prognosis in the first 2 years 
peration. o . 

ical therapy cf high grade stenoses of the left 
descending coronary artery, particularly 
ose proximal to the first septal perforating branch, 
as been advocated to prevent massive myocardial 
crosis and death.??-?* The absence of myocardial 
farction and death in a 36 month mean follow-up 
eriod in the seven medically treated patients with 
ade obstructive lesions proximal to the septal 
tor (three patients) or the first diagonal 
ch (four patients) does not support this recom- 
ation. Ross et al? also observed a favorable 
osis among 15 medically treated patients with 
an 50 percent stenosis of the left anterior 
ling artery above the first septal perforating 
Eleven of the arteries were stenotic and four 
totally occluded. One of these patients died in 
automobile accident during the follow-up period, 
ch averaged 68.5 months. Webster et al.!7 ob- 
o statistically significant difference in mor- 
nong 24 patients with severe lesions proximal 
major septal perforating branch of the anterior 
nding artery and 45 patients with obstructive 
s below the major septal perforator, the 6 year 
ty rates being 29 percent and 21 percent, re- 











yo 

of collateral circulation: When comparing 
ly treated patients with patients managed 
ly, it is essential that the coronary anatomy of 
t be considered suitable for bypass grafting. 
al.!! reported better survival rates in pa- 
th bypass grafting to the left anterior de- 
g coronary artery than in the nonsurgically 
patients of Webster et al.!? The latter group 
t clearly defined with respect to the suitability 
left anterior descending coronary artery for by- 
rafting. However, Webster et al.!7 noted that 
. 83 patients not operated on who had single 
disease and poor collateral supply (defined as 
al or no opacification of the obstructed artery 
without slight opacification of small secon- 
inches) there was a 29 percent 6 year mortali- 
te compared with a 15 percent 6 year mortality 
)* 95 patients with good collateral circulation 
d as clear opacification of the main trunk of 
uded or severely narrowed coronary artery be- 
the lesion and usually from a contralateral 
rce). Furthermore, among 82 patients with total 
usion of a single coronary artery, the 6 year mor- 











ollateral | lation compared with 8 percent in 64 

1 collateral circulation.!? Not all pa- 
th poor collateral supply would, 
cnsidered suitable candidates for 
ng 28 patients not operated on 




















ncluding the left anterior descending artery. In © Ct 1e one | 


rate was 60 percent in 18 patients with poor 


our surgically treate 























































ized after injection into the left and the right coro- st 

nary arteries, E 
Incidence of myocardial infarction: The inci- 

dence of early postoperative myocardial infarction in 


the surgically treated patients was 10 percent and . 
was similar to that observed in a consecutive series of a 


151 patients receiving single or multiple grafts pre- 
viously described by us?! and in other series.3$5:26 The 
total incidence of myocardial infarction in the pres- .— 
ent study was appreciably greater in the surgically - 
treated group than in the medically treated group. 
Ross et al.”° observed no clinically apparent myocar- 
dial infarctions in 24 patients with occlusive disease 
confined to the left anterior descending coronary ar- 


tery who were managed without operation. In the _ 


study of Bruschke et al.!8 the incidence rate of nonfa- 
tal myocardial infarction in patients with single or `- 
double vessel disease managed without operation was 
9 percent 1 to 76 months after cardiac catheteriza- 


tion. Aronow and Stemmer! reported a 20 percent = 


incidence rate of myocardial infarction among 20 pa- a 


tients receiving saphenous vein bypass grafts for sin- 


gle or multiple vessel disease 1 year after operation 
compared with a 5 percent incidence rate among 20. 
comparable patients managed without operation for. 





a similar period. This difference was not statistically 


significant. Thus, coronary bypass surgery does not .. 
appear to reduce the incidence of myocardial infarc- ``. 
tion observed in comparable patients managed with- ^ 
out operation. uo 
Relief of angina pectoris and improvement mo 
exercise testing: Complete relief of angina pectoris 
occurred in a greater percentage of our patients treat- “ 
ed by bypass grafting (41 percent) than of patients. 
treated medically (25 percent). Improvement in the 
response to graded exercise testing was also greater in. 
the surgically treated group. Patients with patent , 


grafts performed significantly better on the treadmill ^. 


than did patients with occluded grafts. The latter 
findings are similar to those of Lapin et al.,8 who ob- 
served a statistically significant increase in oxygen 


consumption, duration of exercise and maximal heart . : 
rate achieved among 17 patients with all grafts pat 4 


ent as compared with 9 patients with no grafts pat- - 
ent. Our data also indicate that lessening of angina. 
and improved response to exercise testing occur in a. 
significant percentage of medically treated patients 


with disease of the left anterior descending coronary 
artery. Ross et al.” similarly observed that 9 of 24... 
patients (38 percent) with isolated severe narrowing- 
of this artery were free from complaints an averageof . | 


68.5 months after arteriograph 
Role of graft patency: 








of angina pectoris in ^ 
d not be attrib. = 








T presence f a func ioning graft in every : 


e three of seven patients with occluded 
| were also free of angina postoperatively. Other 
anisms besides increased blood flow to ischemic 
ardium must be operative in some patients 

ose condition improves after bypass grafting, the 
most important being necrosis of ischemic areas of 
yocardium.?977 Changes in the intrinsic coronary 
circulation proximal to the insertion of the graft have 
been observed in a significant percentage of patients 
| previous studies?7-3? and were observed in 75 per- 
cent of patients with high grade stenosis of the left 
terior descending coronary artery in this series. 
ransient electrocardiographic abnormalities sugges- 
tive of severe ischemia or necrosis, or both, were ob- 
served in 62 percent of our patients in addition to the 
patients who sustained definite infarctions. These ar- 
teriographic and electrocardiographic changes oc- 
surred in patients with patent as well as occluded 
rafts. The persistence of angina in some patients 
ith patent grafts could be the result of previously 
‘mal areas of myocardium becoming ischemic, per- 
aps by these same mechanisms. 
Clinical implications: We conclude that bypass 
ing for occlusive disease confined to the left an- 
r descending coronary artery in patients with 
le angina pectoris and absence of significant im- 
ment of left ventricular function should be re- 
erved for patients with severe symptoms and im- 
red exercise performance who have not responded 
) appropriate medical therapy. Operation should 
ot be used to prevent myocardial infarction or death 
rom. myocardial disease even in patients with high 
rade proximal stenoses of this artery. The only ap- 
‘parent advantages of bypass grafting over medical 
therapy in the early years after diagnosis in this rela- 
tively discrete group of patients were the more com- 


“plete relief of angina and improvement ine 


testing. 
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Addendum 


At the time of preparation of this manuscript 
publication, the mean follow-up period has been 
tended to 31 + 1.7 months for the surgically tre. 
group, and to 45 + 4.1 months for the medi 
treated group. One additional patient in the surg 
ly treated group died of left ventricular failur 
months after operation and had arteriographic 
dence of occlusive disease in the right as we 

left anterior descending coronary artery. One 
patient in the surgically treated group has had 
mentation of progression of disease, and 23 m. 
postoperatively had a second operation witl 
nous vein grafts to the right coronary artery an 
the left anterior descending artery, which had an 
cluded graft. In the medically treated group, o 
tient died of a brain tumor 24 months after « 
catheterization. Three patients have had re 

nary arteriography 26, 26 and 38 months, resp 
ly, after the initial study because of persistent o: 
current angina. In all three patients, progressi 
disease in other vessels was documented (twi 
stenosis of the circumflex coronary artery and 
with stenosis of the right coronary artery). Or 
these patients underwent coronary bypass g! 
There have been no additional documented 


cardial infarctions in either group in the follow 
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Advanced actuarial techniques are used to analyze late results in 
patients who had isolated mitral or aortic valve replacement with 
valve prostheses from 1965 to 1974. Experience with noncloth 
ered and cloth-covered valves is compared in terms of late sur 
rate of thromboembolic complications and reoperation and the infli 
ence of anticoagulation. The cloth-covered prostheses have sub 
tially reduced the incidence of emboli after mitral valve replacem 
(1.9 vs. 6 emboli per 100 patient years) and have thus far elimin 
emboli after aortic valve replacement in patients receiving 
Patients with a cloth-covered aortic valve who did not receive 
had nine emboli per 100 patient years. The safety of cloth-< 
valves is clearly enhanced by warfarin therapy; the efficacy of 
platelet drugs is still uncertain. Strut cloth wear was found at r 
tion in 10 patients. This should be prevented in the new mod 
composite strut (“track”) valve by a narrow metal traf e ont 
surface of each strut. 

The substantial recent reductions in operative mortali and 
thesis-related complications pose important questions regard 
of operations and selection of prostheses. These decisions mi 
dividualized for each patient on the basis of a thorough siu 
results using modern statistical methods. 


The surgical management of valvular heart disease: has progre 
considerably since the first successful clinical implantation of 
valve prosthesis in 1960.!2 Operative mortality and the inciden 
prosthesis-related complications have both decreased. subst 
ly.54 Nonetheless, the proper timing of operations is not definits 
tablished, and discussion continues among proponents of var 
prosthetic and biologic valves in regard to the best device f. 
replacement. It is likely that no single valve substitute will be ide 
all circumstances. The assessment and selection of prostheses 
therefore depend upon precise evaluations of their early and l 
sults, with proper consideration of the clinical settings in which th 
are applied. 

Experience in our own clinic has been almost entirely with the 
valve prosthesis. During the past 14 years careful analyses of 
data and of the results of animal and in vitro tests have res 
sequence of orderly changes in valve design. The Stellite® Dp 
troduced in 1967, eliminated concern for ball variance. 
cloth covering of the orifice, introduced in 1965 and. 
able in the model 1260 and 6120 prostheses, substanti 


‘the incidence of emboli. The complete cloth cover 
S further reduced the- incidence ` of emboli 

















































st fully cloth-covered valves (models 2300 
and 6300), hydraulic performance was inferior to that 

the noncloth-covered valves, and the first compos- 
t prostheses were therefore introduced in 1968. 
report. reviews the results of valve replace- 
with cloth-covered, composite seat prostheses, 
ares. these results with those of the current 
: oth-covered valves (models 6120, 1200- 
, and discusses their clinical implications. At- 
on is confined to isolated valve replacement to 
cilitate comparisons of different prostheses. The 
ity of such comparisons is enhanced by the ap- 
ication of advanced actuarial techniques to a dis- 
group of patients followed up closely and con- 
at regular intervals. E 


* Composite Seat Prostheses 


6310-6320 mitral and 2310-2320 aortic valve 
es have in common a ball valve configuration, a 
w metal poppet of Stellite 21, struts covered by two 
| of cloth, and a composite orifice of cloth alternating 
ith metal studs (Fig. 1). The overall dimensions, and the 


Th brief, the metal studs project aan above the 
e cloth and decrease the possibility of cloth injury. In 
1-19 0 the ball-strut clearance at the apex SF the model 


e ball. T his so-called “close- ranei prosthesis 
aced by the intermediate clearance model 2310 be- 
the possibility of poppets sticking in the open po- 
The model 2310 was then supplanted by the model 
2320 aortic prosthesis in January 1971. Whereas in the 
10 prosthesis the cage struts were covered with two 


bse f flew” as does Teflon, and it possesses 
n resistance. "The mitral valve eT 





FIGURE 1 (left). Cloth-covered, ' 
composite seat mitral valve prosthe- 
sis (model 6310-6320). : 


FIGURE 2 (right). Composite: stt. 
("track") model 6400 mitral valve. 
prosthesis. A narrow metal track on ' 
the inner surface of each strut pro- 
tects the thin cioth from injury 
(arrow). 


The sewing ring in all currently available prostheses, 
both cloth-covered and noncloth-covered, is designed to 
provide flexibility and compressibility to enhance coapta- 
tion at the valve-tissue interface. This is achieved with a. : 
molded foam insert incorporated between layers of folded = 
Teflon and polypropylene cloth to provide an “uphol- . 
stered" effect. 

Although the cloth-covered prostheses markedly reduced. ` 
the incidence of thromboembolism, a number of aortic ` 
prostheses had strut cloth wear of various degrees when ex- + =- 
amined at reoperation or necropsy, and this wear was often 
accompanied by increased hemolysis. The problem was re- < 
solved by the development of the composite strut prosthe- 

SIS. 


Composite Strut Prosthesis 


This prosthesis, commonly referred to as the "track <- 
valve" and designated model 6400-mitral and model 2400- .... 
aortic, has been under clinical evaluation in our center |. 
since April 1972. It has a single layer of loosely knit, rela- 
tively thin Dacron® cloth stretched over highly: polished 
struts (Fig. 2). The strut cloth is completely protected from 
injury by a Stellite track on the inside of each strut..The 
construction of the orifice and hydraulic function of the 
valve resemble those of the other composite seat prosthes- 
es.9? However, stud height is increased and the orifice cloth 
has been changed from Teflon to run-resistant (lock-stitch) 
Dacron, to further lessen the chance of circumferential ori- 
fice cloth tears. 

Experience with this prosthesis is not yet sufficient to 
warrant its release for general use, and it is still under clini- 
cal evaluation. In patients receiving warfarin it is expected 
to provide clinical results similar to those of models 6320 . 
and 2320 prostheses, while eliminating concern for strut 
cloth wear. 


Clinical Experience 


Mitral Valve Replacement 

Case material: The extended cloth orifice pros- 
thesis with bare metal struts (model 6120) has been : 
used for mitral valve replacement i in 86 patients « since 
March 1965; of the survivors, 64 revel vi 
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* 





35 
‘Hemodynamic lesion 
Mitral stenosis 
Mitral insufficiency 
^; Mixed lesion 


Congenital 

‘Ruptured chordae tendineae 
‘Functional class 

i 

HI 

IV 


"Age range 15 to 74 years (mean 50). 


he cloth-covered, composite seat prosthesis 
el 6310-6320) has been used in 220 patients 
ince December 1968; of the survivors, 171 received 
nuous warfarin therapy postoperatively, 4 re- 
antiplatelet drugs, 24 received no anticoagu- 
agents or antiplatelet drugs continuously, and 14 
nts were enrolled in the double-blind study re- 
d to earlier. Fifty-seven patients received a track 
prosthesis (model 6400); of the survivors, 33 re- 
d continuous warfarin therapy, 3 received anti- 
la let drugs, 11 received no anticoagulant agents, 
^ received variable drug therapy. 
inical features: The clinical characteristics of 
hese patients are listed in Table I. Eighty-three (27 
ercent) with pure or predominant mitral stenosis re- 
eived a ball valve prosthesis without incident. We 
ave not experienced the difficulties with “small left 
entricle” that others have reported. 39 A total of 39 
tients (11 percent) required size 1M prostheses, 
vhereas 145 (40 percent) received 2M, 146 (40 per- 
ent) received 3M, and 33 (9 percent) received 4M 
ostheses. 
Indications for operation generally were disabling 
mptoms of exercise intolerance or fatigue associ- 
ted with hemodynamic evidence of significant mi- 
‘tral valve disease. A recent detailed analysis of late 
unctional results in our patients indicated a signifi- 
ant correlation between postoperative functional 
class (New York Heart Association criteria) and pre- 
yperative duration of symptoms and response to 
medical management. As a result, patients in 
y" class II] whose condition has recently deter- 
ed are seriously considered for operation, as will 
rther discussed subsequently. Of the 40 d 


on for operation was PASA emboli; 8 of 
C warfarin. prosthetic valve: 


Le MNT TABEN — 
al Findings in 363 Patients* - 


Mitral Valve Replacement: Causes E 0r erat 


Cause 





6120 (86 implants). 
Low cardiac output. 
Pneumonia 
Myocardial infarction 
Cerebrovascular accident 
Technical 
Total 
6310-6320 (220 implants) 
Arrhythmia 
Myocardial infarction 
Respirator malfunction 
Total 
6400 (57 implants) 
Low cardiac output 
Injury to left ventricle 
Total 





not amenable to repair—usually as a result of c. 
cation. The remaining patients were in late 
their functional impairment had previou: 
more severe but had lessened with stringent 
management. They accepted operation becau 
were not content with their exercise capac 
vast majority of patients had preoperative 
right heart catheterization, and patients ove 
years now also have coronary arteriograp 
Judkins technique. 
Operative technique: This includes. a b 
of aortic cross-clamping and electrical fi 
mild hypothermia (30° to 32° C) dur 
left atrium is opened, the valve excised. 
interrupted sutures are placed (2-0 Tev 


lus i is calcified peribasilar leaks are bes 
thorough debridement to provide a: 
valve seating, rather than by elabora 
niques. If operative exposure permits 
cross-clamp is then removed and the sut 
passed through the sewing ring of the prosth 
sutures are then tied, with the aortic clam 
if necessary for exposure. 

Operative mortality: The operativ 
rate was 10 percent (9 of 86) with the 6120. 
3 percent (7 of 220) with the 6310-6320 p 
and 5 percent (3 of 57) with the 6400 
(Table II). These figures include deaths w 
1st month after operation, and hospital deat. 
complications that started in the 1st month 
death occurred later (for example, from pos 
tive respiratory insufficiency). The 
vival between 1965 and 1968 resulte: 
and refinements in our established techniqu 
erative and postoperative manager 
from restricted case selection that e 


with advanced ventricular. dysfuncti 
= eration has recently beer offered t 





























gh a Deaths 
“Cause. (no.) 
Nonprosthesis-velated 7 
-Congestive heart failure 4 
-Arrhythmia > 2 
;. Suicide 1 
rosthesis-related 4 
-Cerebrovascular accident 3 
-Subacute bacterial endocarditis 1 
_ No autopsy 3 
Total 14 (22%) 








Il patients receiving warfarin. 


er in their course than previously and to a few 
n late class II, the limits of operability have 
xtended in both directions; that is, the low op- 
mortality rate has encouraged us to accept 
whose condition might previously have been 
operable. It should be noted parentheti- 
at changes in prosthetic design cannot ac- 
for the changes in operative mortality rate. 

esults: Ana!yses of late results include only 
.patients who survived operation. Data on 
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l f in 5i Survivors of Operati 2 


: A 
L- ~ MORTALITY 





Deaths. 
(00).:: 
Nonprosthesis-related 1 15 : 
Arrhythmia 4. 
Congestive heart failure : Ww. 
Pulmonary 2. 
Hemorrhage 1 
Miscellaneous | 4f 
Prosthesis-related 2 
Subacute bacterial endocarditis 2 
No autopsy 7 ` 
Total , 24 (14%) 





* All patients receiving warfarin.. , 
1 Asthma, drug reaction, renal failure, emphysema. 


survivors with a track valve (model 6400) are exclud- 
ed, since their mean postoperative interval is less 
than 1 year. Also excluded are data on patients who < 
for sundry reasons did not receive continuous warfar- 
in therapy, since the group is too small to contribute 
statistically meaningful information. : 
Late deaths: An actuarial analysis of late death 
and various complications in 64 patients with the 


















Co un MORTALITY A P. 
S THROMBOEMBOLISM Hw m 
FIGURE 3. Mitral valve replacement with model : 
6120 prosthesis (noncloth-covered), March 
1965 to August 1974. Actuarial analysis of ind- ^ 
vidual event-free curves in patients who sur- . 
vived operation and received warfarin. Vertical 
Years bars denote standard errors. 
THROMBOEMBOLISM^ 
= Hy INFECTIONS 
REOPERATIONe 


Coth- 
Noncloth- Covered 


Covered 








atients (no.) 
tal patient years of follow-up 

rage years of follow-up per patient 
mhol 1/100 patient years 


odel 6120 prosthesis is depicted in Figure 3. There 
were 14 late deaths (Table III); 7 were definitely un- 
related to the prosthesis, and 4 were prosthesis-relat- 

d (3 from cerebral emboli and 1 from endocarditis); 

in 3 other cases autopsy was not performed. 

An identical actuarial analysis of late deaths and 
iplications in 171 patients with model 6310-6320 
theses who received warfarin is displayed in Fig- 

. There were 24 late deaths (14 percent); none 
due to emboli (Table IV). 

mboembolic complications: The actuarial 

ses in Figures 3 and 4 indicate a reduced inci- 

(| of thromboemboli with the cloth-covered pros- 

, and this difference becomes statistically sig- 

cant 3 years after operation (P «0.01). With the 

h-covered prostheses most emboli occurred in the 

t year, and all within the first 3 years, but with the 

yncloth-covered prostheses the threat of emboli was 

ways present. 
"able V analyzes the incidence of thromboemboli 

i terms of emboli per 100 years of patient follow-up, 

id the striking difference is again apparent. The 

loth-covered prostheses had 1.9 emboli per 100 pa- 
at years, vs. 6 emboli per 100 patient years with 
‘noncloth-covered prostheses. (There are no cur- 

ently accepted statistical methods for assessing the 

nificance of differences reported in this manner.) 
operation: In patients with the model 6120 
sthesis there were no reoperations. Five patients 
percent) with model 6310-6320 prostheses receiv- 
arfarin required reoperation; operative findings 
re listed in Table VI. This table also displays the 
ndings in four patients with model 6310-6320 pros- 
heses who were not receiving warfarin. Problems 
uch as periprosthetic leaks and prosthetic valve en- 
ocarditis occur with any prosthesis in a small per- 
entage of cases. Orifice stenosis due to thrombus has 
arily been seen in patients not receiving warfar- 
lowever, two patients receiving warfarin had 
bus that interfered with proper seating of the 

pet and caused regurgitation. 

V ical problems: There were no cases of 
et variance, wear or disruption with either pros- 
. Orifice cloth wear in one patient with an early 
6310 prosthesis that had low stud height 


placerat of the  proathesis tone VI): 2 


TABLE Vi 


Mitral Valve Replacement with Model 6310.6320 
Prostheses: Findings at Reoperation i 








with Without - 
Antico- — Antico 
agulant  agulant 
Therapy 
G qoc 
patients) — patients) 


Therapy 








Thrombotic obstruction 
Thrombotic regurgitation 
Perivalvular leak 
Suture impingement 
Orifice cloth tear 
Strut cloth tear 

Total 








* The number of findings exceeds the number of pat 
because some patients had more than one finding. 


In one other patient a mild degree of orifice clo: 
wear was observed when the valve was inspected | 
months postoperatively during reoperation for tri 
pid insufficiency; replacement was not required 
height has been increased in more recent prost 
Strut cloth tear with model 6310-6320 prostheses 
not observed at reoperation. However, some val 
recovered at autopsy had flattening and some fra 
of the cloth at the base of the struts. The track v 
configuration obviates the possibility of. strut 
wear. 

Hemolysis: Hemolytic anemia has sat. oce l 
with either prosthesis in the absence of peribas 
leaks. No patient required transfusion or reopera’ 
for hemolysis. Several patients with normal he; 
crits receive oral iron therapy at the suggest 
their family physicians; their continued. need. 
is uncertain. T 

Infection: The incidence of prosthetic val 
carditis is displayed actuarially in Figure: 
and is quite similar for both models 6120 an 
6320 prostheses. We have recently reviewed 
eral problem, and have noted several cases 
ent “cure” when there was no peribasilar leak 
plicate the situation and the causative organism w 
sensitive to antibiotic agents.1° 


Aortic Valve Replacement 


Case material: The extended cloth orifice pre 
thesis (model 1200-1260) has been used since Dece 
ber 1965 in 153 patients, including 8 who had asso 
ated aortocoronary bypass grafting. All 132 surv 
received long-term warfarin therapy postop 

Since August 1968 the cloth-covered_ 
seat prosthesis (model 2310-2320) has 
isolated aortic valve replacement in 31 
cluding 38 who had associated aortoco 


- grafting. In our early experience, all p 


model 2310- 2920 prostheses were give 


















































ale... e 47 76 
male. 132 24 
Hemodynamic lesion 

‘Aortic stenosis 209 38 
Aortic insufficiency 137 25 
162 29 

41 8 

170 31 

198 36 

110 201 
Miscellaneous 30 5 
Previous replacement A 8 





nge.17 to 79 years (mean 55). 
majority of these valves were probably congenitally 
ed but were too heavily calcified for definitive classifica- 


g on the 5th postoperative day. Since no em- 
episodes occurred with this regimen, beginning 
vember 1970 consecutive nonrandomized. pa- 
were treated without anticoagulant agents at 
me postoperatively. Thus, 116 survivors re- 
long-term warfarin anticoagulant therapy 
eratively anc 134 did not receive warfarin. In 
4 patients were enrolled in the double-blind 
referred to earlier, 19 patients received anti- 
telet drugs in an experimental protocol, and 6 
either lost to follow-up or were operated upon 
ecently for analysis. The “close-clearance” pros- 
is excluded from this report, since it represents 
nctive valve design that was used only briefly, 
not currently manufactured, and its inclusion 
d complicate any decisions based on analyses of 
linical data. Eighty-six patients, including 15 who 
_ associated aortocoronary bypass grafting, re- 
eived a track valve prosthesis (model 2400). 
nical features: The clinical features in these 
nts are combined in Table VII. There were no 
ficant differences in mean age or in sex distribu- 
among the patients with the three valve models. 
general, indications for operation were symptoms 
ina, syncope or heart failure (functional class 
or IV) associated with hemodynamic evidence of 
nificant aortic valve disease. Some patients with 
ic regurgitation in functional class I or II were ac- 
pted for operation because of severe progressive 
'ardiomegaly. Most patients had preoperative left 
heart catheterization, and patients over age 40 years 
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Model 1200-1260 (153 implants) 
Myocardial infarction 5 
Left ventricular failure 4 
Pneumonia 3 
Arrhythmia 2 
Miscellaneous 7* 

Total 

Model 2310-2320 (310 implants) 
Left ventricular failure 13 
Myocardial infarction 6 
Arrhythmia 2 
Technical 2 
Sepsis 2 
Aortic dissection (Marfan's disease) 2 
Miscellaneous 4t 

Total 

Model 2400 (86 implants) 
Left ventricular failure 1 
Myocardial infarction 1 
Renal failure 1 
Gastrointestinal bleeding 1 
Pulmonary embolus 1 

Total 5 










*One each: chronic lung disease, infection, pulmonar 
embolus, mesenteric infarct, cerebrovascular insufficient 
cardiac tamponade, aortic dissection. INO i 

f One each: thyrotoxicosis, pneumonia, leak secondary to’ 
preoperative subacute bacterial endocarditis, pulmonary. 
embolus. 





When such abnormalities are demonstrated preoper- . 
atively by His bundle recordings, we routinely in- : 
sert a permanent epicardial ventricular pacing wire 
in addition to the usual temporary wires we have pre- . 
viously described.!? The capped end of the wire is . 
buried subcutaneously, and if heart block develops | 
later from progressive fascicular disease, a pulse gen- - 
erator is easily inserted underlocalanesthesia. ; 
Operative technique: Until now, operation has . 
been performed in most patients using intermittent. s 
coronary perfusion with hand-held metal cannulas.. 
More recently (1974), we have explored the use of . 
continuous perfusion with self-retaining cannulas. A 














e Replacement with Noricloth-Covéred . 
's (Model 1200-1260): Causes of Late Death in 


Cause 


* Nonprosthesis-related 
Congestive heart failure . 
Arrhythmia 
“Coronary artery disease 
‘= Miscellaneous 
Prosthesis-related 
^ Ernbolus 
-» Subacute bacterial endocarditis 
“No autopsy 7 
>. Total 27 (20%) 


* All patients receiving warfarin. 
"^ Drug toxicity, cancer, accident and others. 


anced aortic stenosis and disturbing degrees 
diomegaly have been successfully managed by 
'ting the vein bypass grafts first, with the proxi- 
stomoses placed high on the ascending aorta. 
permits aortic cross-clamping and a transverse 
tomy proximal to the vein grafts, so that unim- 
ed coronary perfusion is continuous, and aortic 
e replacement is performed with the heart beat- 


perative mortality: The operative mortality 

3 defined earlier) was 14 percent (21 of 153) 
model 1200-1260 prostheses, 10 percent (31 of 
with model 2310-2320 prostheses and 6 percent 

of 86) with the model 2400 prosthesis. The com- 
ents made earlier regarding the causes of decreas- 
ing mortality for mitral valve replacement apply to 
ortic valve replacement as well. The causes of opera- 
ive death for all aortic valve prostheses are shown in 
Table VIII Thirty-four of 57 deaths (60 percent) 
re caused by cardiac factors, and none were related 
the prostheses. Left ventricular failure, myocardial 
nfarction or intractable ventricular arrhythmias 
vere usually related either to massive left ventricular 
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Percent E£vent- Free 


FIGURE. 5. “Aortic valve replacement with model : 








Nonprosthesis-related 
Congestive heart failure 
Bleeding 
Coronary artery disease 
Pneumonia 
Suture line sepsis 

Prosthesis-related 
Subacute bacterial endocarditis 

No autopsy 

Total 





dilatation with end-stage aortic regurgitati 
marked concentric hypertrophy from advanced. 
stenosis. Such hearts often weighed more.than 
at autopsy. 

Late results: As with the mitral valve pros sth. 
analyses of late results with the aortic valve pros 
es refer to patients who survived operation. 
are the survivors with a composite strut valv 
2400), since their mean postoperative inte 
than 1 year. Also excluded are the 19 patie 
ceived antiplatelet drugs instead of warfar 
who were enrolled in the double-blind stu 
former group follow-up is too short, and 
group is too small to permit meaningful conc 

Late mortality: In 132 survivors. wi 
1200-1260 prostheses who received warf 
were 27 late deaths (Table IX); 16 were u 
the prosthesis, and in 7 patients no autops' 
tained. There were four prosthesis-related ca 
death: three fatal emboli and one episode of 
ditis. Àn actuarial display of late deaths an 
complications is shown in Figure 5. 

For model 2310-2320 prostheses, the caus 
death in 16 of 116 patients receiving anticoag 
therapy are shown in Table X. None of 
















late death and other momen in: aver, emboli with souidual e continiie to occur, rand at 8 
ients is depicted in Figure 6. If one excludes. years there is an 8 percent incidence of emboli with 
nortality, the actuarially- projected death residual. In striking contrast, 116 patients with- 
| years is 16 percent, and it increases quite model 2310-2320 (cloth-covered) prostheses who: 
y to 19 percent at 5 years. have received warfarin have had no emboli at all (Fig. ves 
re Were 22 late deaths in 134 patients with 6). This difference is statistically significant. at every, LM 
postoperative interval (P «0.001). , TUAM 
The 134 patients who did not receive warfarin have 
had a total of 23 thromboembolic episodes. On an 
actuarial basis, the projected incidence rate at 36  . 
mbolic episodes and one episode of endocardi- months is 13 percent (4 percent with residual disabil- 
3. In eight patients, no autopsy was obtained. The ity and 9 percent without residual disability). Table. |. 
stuarially-projected death rate is higher in these pa- XII compares these groups in terms of emboli per 100 
tients without anticoagulant therapy—26 percent at patient years, and also indicates the very high rate of 
thromboembolic complications in patients whose an- 
ier ticoagulant therapy was discontinued late. postopera-. 
. Thromboembolic complications: Figure 7 dis- tively by their family physician. We continue: to ad- SUME 
plays an actuarial analysis of thromboembolic com- vise against such discontinuation, v 
pli ations with model 1200-1260 prostheses in pa- Reoperation: In 132 patients: with model 1200- F 
tients receiving anticoagulant therapy. At 5 years, 1260 prostheses, there were only two reoperations 
there is a 2 percent incidence rate of fatal emboli, a 4 (L5 percent), both for an infected prosthesis. The . . 
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60 (Ns 116) 
j- "All patients receiving anticoagulants DITE 
uo Operative mortality omitted —— FIGURE 6. Aortic valve replacement with model»... 
or ri MEC REM a 2310-2320 prostheses (cloth-covered, com- a 
posite seat), August 1968 to August. 1974. 
Years Actuarial analysis as in Figure 3. 2: | 
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| Strut cloth. wear was | $ ; 
with hemolytic anemia and was an ir cidenta 
in six additional patients. The pattern of cl 
differs between the model 2310 and mode 
theses. When cloth wear on the inner strut 
occurred in the Teflon-covered model 2310 v; 
cloth covering occasionally lost its circumferi 
orientation around the strut and became ele 
from the strut (so-called *parachuting"). In: 
propylene-covered model 2320 valve, the clot 
acteristics maintain. its conformation. aroun 
strut even if wear occurs, and ‘ ‘parachuting’ 


‘ially determin d incidence rate of reoperation = 

ars is 1 percent (Fig. 5). 

16 patients with model 2310- 2320 prostheses 
received warfarin, there were five reoperations (5 

it). The actuarially determined incidence rate 


nts who did not receive warfarin, there were nine 

erations (7 percent). The actuarial projection for 

ears is 9 percent (5 year follow-up data are not yet 
ailable in this group). 

The indications for reoperation and the findings 
t reoperation in patients with model 2310-2320 
ilves are shown in Tables XIII and XIV. Thrombot- been observed in our clinic and has been see! 

osis was not found in any patient receiving an- one valve returned for inspection to the manu i 
igulant therapy. Endocarditis was an indication er. 
eoperation on two occasions. The actuarially de- Hemolysis: Although the nonélothicovér 

mined incidence rate of this complication is 5 per- theses have not caused severe hemolytic an 

it at 5 years, not significantly different from the the absence of peribasilar leaks, the cloth 

uarial projection for noncloth-covered prostheses. valves have occasionally done so. The proble: 


TABLE XII 


Aortic Valve Replacement: Thromboembolic Complicat 
by Anticoagulant Status 


tic Valve Replacement with Cloth-Covered, Composite 
Prostheses: Causes of Late Death in 134 Survivors of 


pe tion not Receiving Warfarin 
i Noncloth- 


Covered 
Prostheses 
enam (Model 
.Nonprosthesis-related 1200- 
Congestive heart failure 1260) 
s Arrhythmia 
‘Cerebral aneurysm 
"Coronary artery disease 
Miscellaneous * 
: Prosthesis-related 
Cerebrovascular accident 
Coronary embolus 


Receiving anticoagulant Yes 
agents 
Patients (no.) 132 116 
Total patient years of 
follow-up 581 
Average years of 


« «Subacute bacterial endocarditis 
No autopsy 
Total 


Acute alcohol intoxication, drug reaction, cancer. 


tic Valve Replacement with Model 2310-2320 
Prostheses: Indications for Reoperation 


With Without 
Anti- Anti- 
coagulant coagulant 
Therapy Therapy 
(116 (134 
patients) patients) 


Perivalvul lar leak 
iemolytic anemia 
Infection "s 
Thrombotic obstruction. 


Total 
(250 
patients) 


follow-up 4.4 3.1 
Emboli per 100 patient 
years 4.2 0 


8.8 29.4 


* Anticoagulant therapy discontinued after ari initia 
anticoagulation. 


TABLE XIV 


Aortic Valve Replacement with Model 2310-2320 
Prostheses: Findings at Reoperation’. ~ 


With itus : 
Anti- Without o 
coagulant ^. Anti- 
Therapy coagulant 
(5 Therapy << 
patients). (9 patients): pd 


Strut cloth wear 

Orifice cloth wear 
Perivalvulat leak 
Thrombotic obstruction - 















Noncloth- Cloth- 





Covered Covered 
Model Model 
1200- 2310- 
1260 2320 
i nts (no.) 132 116 
te mortality (%) 19 +3.7 19 +4.0 
'eoperation rate (%) 141.0 822.8 
Embolus with residual (%) 441.9 0 
olus without residual (%) 1243.1 0 
hout any complications (25)? — 64 +4.6 73 +4.5 





s receiving anticoagulant therapy. 
fe mortality excluded. 
T. T standard error. 





ctual Comparison of Cloth-Covered vs. Noncloth-Covered 
itral Valve Prostheses at 5 Years* 





ew Noncloth- — Cloth-Covered 
ving Covered Models 
: : Model 6120 — 6310-6320 
X n cna 
ants (no.) 64 171 
ortelity (95) 17 44.8 20 34.4 
ration rate (95) 0 4 42.2 
is with residual (26) 8 43.5 1+1.1 
us without residual (%) 10 +3.8 2 1.5 
irvival without any complicationst+ 65 +6.1 73 24.9 

























‘All patients receiving anticoagulant therapy. 
Operative mortality excluded. 
M values + 1 standard error. 





acerbated in cases with a transprosthetic pressure 
radient due to thrombotic stenosis or to the implan- 
tation of too small a prosthesis, but the most severe 
1emias have been the result of strut-cloth wear. One 
at receiving warfarin and three who were not re- 
‘reoperation for anemia, and strut cloth wear 
as found (Tables XHI and XIV). It might therefore 
n cipated. that the track valve (model 2400), in 
ut loth wear is ores would cause less 














vs. Noncloth-Covered mented the relation bet 
APL RE Ri 5 the extent of intravasculai 





i TDH Jevels and 
hemolysis, !3 and these _ 
findings indicate that the model 2400 prosthesis oad 
causes significantly less hemolysis than ‘previous 
cloth-covered valves. i 


Discussion 


Detailed analysis of long-term results with the: 2 
cloth-covered composite ‘seat prostheses indicates  . 
that the two primary goals for which they were devel. Sia 
oped have been attained. Ball variance. has not o€-. m 
curred in the Stellite poppet; thromboembolic com- 
plications in patients receiving warfarin have been ^ 
strikingly reduced with mitral valve prostheses, and 
have been eliminated thus far with aortic valve pros- 
theses. The results in the group of patients who did 
not receive warfarin indicate that anticoagulation d$ 
still provides important protection. _ hn 

Although the ultimate goal of designing a prosthe- S 
sis that does not require anticoagulation has not yet . . 
been attained, the complete absence of emboli in pa- `, 
tients with model 2310-2320 aortic prostheses who ^. 
received warfarin suggests that satisfactory protec- : 
tion may be achieved by a reduced anticoagulant pro- . 
gram that avoids the hazards of prothrombin depres- 
sants. The observation that thrombi on cloth-covered | 
prostheses are usually “white” thrombi of platelets. 
and fibrin has prompted a clinical trial of aspirin, ; 
grains/day, as the sole anticoagulant agent in a grou 
of patients receiving cloth-covered valves in our clin 
ic. Until the results of platelet inhibitor therapy. ar 
known, however, anticoagulation with warfarin i 
definitely recommended for patients elsewhere with 
cloth-covered valves of any model who have no con- 
traindications to such a program. If medical or socia 
contraindications exist, the risk/benefit ratio must be APA 
weighed individually in each patient. 





































































Selection of a Prosthesis 


On the basis of current information, it appears. that m 
the selection of a valve model for a particular patient 
should be individualized. In making this selection, _ 
one must take into account the experience with non- . 
cloth-covered prostheses. They have been in use for. . 
nine years without substantial changes; their results 
are more clearly understood, and are more accurately — d 
predictable than those of any other prosthesis. cur- NA 
rently in widespread use. XL 

Table XV displays an actuarial comparison sfe cu- o 
mulative complication-free survival rates at 5 years 
for models 1200-1260 and 2310-2320 prostheses. Ir : 
this method of analysis, actuarially determined inci- 
dence rates of death and each major complication are... 
progressively subtracted (in order of severity) from _ 
the total 100 percent of patients at risk for the inter- SE 
val in question: The residual al ee of pati 

























d io. , be ‘alive and fioe of simiplicatious at 6 M 
mpared with 73 percent of similar patients 


10del 2310-2320 prostheses. However, if emboli 
thout any residual are considered insignificant 
ications, the 12 percent of patients with model 
00-1260 prostheses who are projected to have these 
1boli can be added to the 65 percent, yielding a pro- 
ted complication-free survival rate of 76 percent. 
is compares favorably with that of the cloth-cov- 
ed prostheses (73 percent), because of the lower re- 
operation rate with noncloth-covered valves. 
Table XVI displays identical information for the 
itral valve prostheses at 5 years. Once again, if em- 
li without residual are considered insignificant 
mplications, the projected survival rate without 
lications is 75 percent for both noncloth-cov- 
ed and cloth-covered prostheses. This is due in part 
e higher reoperation rate with the cloth-covered 
lves, but it is also noteworthy that at least half the 
boli in patients with a model 6120 prosthesis left 
residual deficits. 
sults of this method of comparison at 5 years 
be interpreted cautiously because noncloth-cov- 
rostheses pose a continuing threat of embolic 
cations, even 8 years. after operation (Fig. 3 
Although 8 years of follow-up studies are not 
ailable for cloth-covered prostheses, experience 
far suggests that late emboli are unlikely in pa- 
ts receiving warfarin. Thus, a higher reoperation 
e with cloth-covered prostheses during their devel- 
mental stages has been accepted in our clinic, be- 
use the reduction in emboli has been considered an 
verriding long-term advantage. However, noncloth- 
'ered prostheses are hydraulically superior in the 
nallest sizes. Since some patients with size 8 model 
2310-2320 aortic prostheses have required reopera- 
ns because of high transprosthetic gradients and 
emia, we do not hesitate to select the 1200-1260 
theses when hydraulic considerations predomi- 
te, as in active patients with a small aortic root. 
Although the track valve prosthesis i is not yet fully 
luated and will clearly require some form of anti- 


jagulant or antiplatelet program, it is expected to ` 


liminate concern for strut cloth wear while retaining 
loth covering to reduce the incidence of throm- 
embolism. An associated benefit of the track valve 
onfiguration has been a significant reduction in he- 


- des im ideal for comparing prostese 
~ feasible. It is therefore crucial that clinical rep 


results with various prostheses carefully defin 


patient population under analysis, and presen 


results in a statistically meaningful manner t 
cilitates comparison with other reports. In r 
years, it has been recognized that actuaria 
table) methods best satisfy these criteria, anc 
be employed routinely. However, the actuarial 
od is not standardized,!^!^ and a report of s 
rates should also be accompanied by a clear d 
tion of the method of calculation employed, 
reference to such a description, with clarifi 


Unfortunately, reports frequently appear in 
short-term follow-up is presented and incidence 
of late death and specific complications are des 
only as simple percentages. Such practices tei 
obscure rather than to illuminate experience. be 
they ignore the distribution of patients in time. Si 
accurate analyses of late results are vital to an asse 
ment of valve substitutes, the choice of a prost 
must inevitably be influenced by the quality, [o 
able information. 


Timing of Operation 


The timing of operation in patients eiii; 
cant valvular heart disease depends upon a co: 
son of the risks of operation and prostheses wit 
risks of uncorrected disease. In patients with | 
disease of the type that requires valve replace 
operation has traditionally been deferred until s 
toms were far advanced and refractory to mi 
management. Because of the heart’s compen: 
mechanisms, severe hemodynamic abnormalities 
significant ventricular dysfunction can exist wit 
striking clinical disability, particularly in the case 
aortic or mitral regurgitation. Indeed, experimen 
evidence suggests that acute mitral regurgitatio: 
increasing ventricular preload and decreasi 1g 
tricular afterload, acutely enhances certain: isi 
parameters of left ventricular performance \ 
creasing myocardial oxygen consumption a 
but definite, amount.!6 

Mitral valve replacement: In the early 1 
the mortality rate for valve replacement was rela 
ly high. In addition, long-term functional resi 
influenced significantly by valve-related com 


molysis, as noted earlier. This may be due to the ab- 
ence of subclinical cloth wear in this prosthesis or to 
the finer strut cloth that is permitted by the protec- 
tive track, or both. If the track valve can provide 
these benefits over the long term, the major causes of 
peration will be eliminated. 


tatistical Analysis of Late Results 


foregoing discussion, i in which the late results 

wo ball valve prostheses and two different anti- 
ulant regimens are compared, relies upon an ap- - 
aisal of closely followed patients by means of cur- - 
tuarial techniques that provide a true perspec- 

o time-related risks. 5 Whereas randomized: tud- 


tions. However, with improvement in cardiac 
techniques and prosthetic devices, more. 
with advanced valvular disease have survis 
term follow-up of those survivors with poor 
reserve has demonstrated the consequences : 
ing operation. In a previous study? of late fu 
results after mitral valve replacement wii 
6310-6320 prostheses in our.clinic, preoper: 
modynamic variables and functional class 
or no correlation with postoperative functi 
For example, approximately half the patie 
operative class III and half in class IV were 
Postoperatively, so that preoperative function 















of toperative functional class. It was concluded hae 
dew of long-term results with current prostheses, 













0 lecately dabled patients with recent clinical de- 
rioration who respond to medical treatment, rather 






ortic valve replacement even though marked 
perative symptomatic improvement occurs. 

, Braun et al.!? have shown a significant relation 
tween survival after aortic valve replacement and 
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: est r migenograma: The- 
inference hat left ventricular muscle mass has im- 
portant prognostic implici tions is consistent with our . 

observations noted earlier that significant cardiomeg- > 
aly was commonly found when left ventricular failure | 
was a cause of operative death after aortic valve re- — 
placement. In view of all these findings, we have . 
begun to offer aortic valve replacement to some. pa 

tients with aortic valve disease (primarily: regurgita-. E 
tion) and substantial progressive increases in heart 
size, even in the absence of disturbing symptoms. , 
Long-term follow-up analyzed with appropriate sta- — 
tistical methods will be required to demonstrate — 
whether such a policy improves late results after aor- - 
tic valve replacement. use 
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ent Status of the Beall, Bjork-Shiley, 
raunwald-Cutter, Lillehei-Kaster and 
Smeloff-Cutter Cardiac Valve Prostheses 


The Starr-Edwards ball valve prosthesis is generally the standar 
MES S. DONAHOO, MD which other cardiac valve substitutes are compared. This rep 
INCENT L. GOTT MD views information pertaining to several prostheses—the Beall mi 
o: valve and the Bjork-Shiley, Braunwald-Cutter, Lillehei-Kaster . 
Smeloff-Cutter aortic and mitral valves—considered by some to 
specific advantages over thé Starr-Edwards valves. 

Hospital and late mortality rates after valve replacement are cor 
rable for the four aortic valve prostheses reviewed and depend : 
on patient selection than on the specific prosthesis utilized. Exter 
clinical experience with the Bjork-Shiley aortic valve indicates t! 
prosthesis offers hemodynamic advantages over ball valve pros 
especially in patients with a small aortic root. Clinical experienc: 
the Lillehei-Kaster pivoting disc prosthesis has been less exten 
but this model provides theoretical hemodynamic advantages sim 
those of the Bjork-Shiley aortic valve prosthesis. Problems associat 
with cloth wear and the unexpectedly slow rate, in man, of tis: 
growth into the fabric of the Braunwald-Cutter aortic valve pi 
have been discouraging, although this prosthesis has been associat 
with a very low thromboembolic rate in patients receiving anticoa 
lant therapy. The Smeloff-Cutter aortic prosthesis is hemodynam 
similar to the Starr-Edwards prosthesis and has been proved to | 
reliable and durable aortic valve substitute over the past sever 

Mortality after mitral valve replacement is also largely influen 
factors other than prosthetic valve design. On the basis of post 
tive data, the five mitral valve prostheses reviewed do not a 
have substantial hemodynamic differences. For patients with 
left ventricular cavity the low profile prostheses, such as th 
Bjork-Shiley and Lillehei-Kaster, may be advantageous. —__ 

Most available evidence indicates that patients receiving ao 
mitral valve prostheses should be given n therapy. vosi 
eratively. 


At present, there are a number of different prosthetic valves the 
available for replacement of diseased heart valves. Alti 
F Starr-Edwards ball valve remains the standard against w 
P Begerent of. Surgery, The Johns - valve substitutes are compared, the search for the ideal 
s University School of Medicine, Balti —— cardiac valve continues. In this section of the Symposium 
ess for reprints: Robert K. Brawley, MD, — ho 


| Hopkins epin € 601 N. Broadway, m 
re, Md. 21205. e 








Caster and Smeloff. Cutter cardiac valve 
; have been collected and reviewed. Aortic 


inica results presented: and the advantages and 
advantages of each valve summarized. Data re- 
the Starr-Edwards valves are presented in 
ther section of the Symposium.! 


Aortic Valve Prostheses 
ption of Prostheses 
Bjo -Shiley Prosthesis s; 


sing covered by a sewing ring of thin Teflon® fab- 


aC Shine dise occluder that opens to 60° and ar ea 
es predominant central laminar flow. Valves with 
ecluders of either Delrin® or ake carbon (Pyrol- 


he inr is nee to allow the disc to rotate one 
-100 to 200 heart cycles. Although in vitro and in 
tudies. have shown that Delrin has excellent durabili- 


istance, during steam autoclaving the Delrin 
js moisture and swells. Such disc enlargement 
‘valve malfunction if proper drying instructions 
followed. For this reason, valve occluders made of 
' were manufactured and studied.® Pyrolite discs 


n be used immediately after autoclaving without 
kof dise swelling. Pyrolite occluders for the Bjork- 
e nie demonstrated to have excellent 


e: kara ‘teristics of the Bjork-Shiley 
i /e-been extensively studied both 


and ‘the’ Liltehei-- 
: ated that, for a 
given tissue diameter, the | rosthesis pro- | 
duced lower valve gradients at all flow rates. These rela- c 
tively low pressure gradients are. probably due to a higher ^. 
ratio between orifice diameter and sewing ring diameter for =- 
the Bjork-Shiley valve and the almost central and laminar = 
flow characteristics provided by-the valve. Pulse duplicator ~ 
studies in which the 17, 19 and 21 mm Bjork-Shiley tilting 
disc aortic valves were compared under identical flow con- = 
ditions with the no. 8A Starr-Edwards ball valve prosthesis. 
(model 2300) indicated that the 17 mm Bjork-Shiley valve `- 
had a hydraulic performance comparable with that of the 
former prosthesis, which has an external diameter of 20.5° 
mm.’ With increasing stroke volume, significantly. in- > 
creased pressure gradients were measured across the 17 . 
mm but not the 19 mm Bjork-Shiley valve. 

The Bjork-Shiley valve was used experimentally i in 1968, ; 
and Bjork first implanted the prosthesis in a patient in - 
January 1969.8 The valve was released for general use in 
September of that year and, by October 1973, more than: 
47,000 Bjork-Shiley aortic and mitral valve prostheses had ©. 
been distributed for implantation throughout the world? 4. 




























































The Braunwald-Cutter Prosthesis * 


On the basis of extensive experimental and clinical expe- >. 
rience, Braunwald et al:,!° in collaboration with Cutter 
Laboratories, introduced a ball valve with a cloth-covered — - 
cage (Fig. 2) that was designed to.encourage tissue covering 
of the rigid prosthesis and thereby reduce the incidence of 
thrombosis. The cage of this valve is open-ended and the 
poppet is made of silicone elastomer improved by the use 
of a mild cure technique. The silicone poppet was selected 
in an attempt to eliminate fabric wear, which has been as 
sociated with the use of metallic poppets in ball valve pros 
theses with fabric-covered struts and valve seats. Ball vari: 
ance associated with early silicone ball valve prostheses has 
not been encountered with the modified cure silicone pop- 
pet utilized by Cutter Laboratories.!! An ultra-thin poly- 
propylene fabric mesh is used to cover the inflow orifice, 
and a single layer of porous Dacron® fabric tubing covers 
the struts. In previous animal studies, Braunwald and asso- 
ciates had noted the tendency for fabric-covered ball valve. 
prostheses to accumulate platelet fibrin deposits that even- ©" 
tually developed into thickened areas of fibrous tissue at. 
the apex of the cage as well as along the outer surface of the 
struts. In an attempt to prevent these potential sources of. 
embolus, the Braunwald-Cutter valve has been designed . 
with an open-ended cage. In vitro and in vivo assessment of... 
the valve has indicated that its hemodynamic performance... 
is satisfactory and comparable with that of other ball valve 
prostheses of similar size and that the incidence of throm- — 
boembolism is negligible.!9 p 


















The Lillehei-Kaster Prosthesis * - 


The Lillehei-Kaster pivoting disc valve (Fig. 3) consists 
of a Pyrolite disc suspended in a titanium valve housing 
that is covered by a. porous knitted Teflon fabric sewing. > 
ring. The titanium valve housing is machined from a single ; 
piece of medical. grade titanium. With the. valve in’ the 
closed position, a narrow peripheral margin of the disc rests 
on a discontinuous biplanar seat arrangement that encir- 
cles the inside orifice wall.of the housing. In the closed po- 








celey, Calif. ; 


EJ Manufactur 


i FIGURE 2. Braunwald-Cutter valve 
“prostheses, aortic on the left and mi- 
tral on the right. 


on, the disc is inclined at an 18? angle with the horizon- 
tal plane of the anular valve housing and, in the open posi- 
tion, the disc swings open to.80° or 10° from the vertical 
xis; which allows an almost central flow pattern.!?!? Pulse 
ator studies that compared the Lillehei-Kaster pivot- 
ing disc aortic prosthesis with the Starr-Edwards, Smeloff- 
Cutter and Wada-Cutter prostheses and a fascia lata graft 
indicated favorable hemodynamic characteristics for the 
illehei-Kaster valve.!2'4 Autopsy studies in animals in 
which the Lillehei-Kaster pivoting disc valve prosthesis 
had been implanted disclosed secure healing, absence of 
thrombus and no discernible valve wear. 15 The prosthesis 
was first used clinically i in July 1970 and became available 
for general use in November 1971.18 


The Smeloff-Cutter Prosthesis * 


This valve (Fig. 4) has a double cage machined from a 
single piece of medical grade titanium. The suture ring is 
vmade of Teflon cloth and fixed to the valve cage with mul- 
tiple loops of Dacron suture buried inside the metal ring. 
e valve poppet is made of solid silicone rubber fabricat- 

ed with a mild cure technique. Satisfactory wear character- 
ties for the cage, ball and sewing ring have been observed 
ter testing for the equivalent of more than 6 years in a fa- 
"tigue tester. The double cage design allows the diameter 
of the valve orifice to be equal to or slightly larger than the 
ball diameter. In the closed position, the poppet is stopped 
by the shorter cage structure, and the equator of the ball is 
level with the sewing ring. This valve is designed to dimin- 
. ish the stenotic effect of ball valve prostheses and is re- 
ferred to as a full orifice valve. In September 1966 the tech- 
nique for silicone rubber poppet fabrication was changed 
` and the prosthesis that is currently available is referred to 
-as the present model Smeloff-Cutter valve and differs from 
atlier full orifice valves because of a “mild cure" silicone 
rubber poppet. No change in design or material has been 
de. since September 1966, and therefore the Smeloff- 
tter valve has been in continuous use as an unmodified 
prosthesis since that time.!! While ball variance was re- 
jorted. in patients with early Smeloff-Cutter prosthes- 
65,180 more than 15,000 present model Smeloff-Cutter 
theses have been distributed for implantation and no 
"incidence of ball variance in that series has been reported 


Manufactured i by Gutter Laboratories, inc. Berkeley. Cali. 





FIGURE 3. Lillehei-Kaster aortic valve prosthesis. 


FIGURE 4. Smeloff-Cutter mitral valve prosthesis. 











of 12 months. The inci- 





fe lowed up for a minim 


r4 ‘dence of thromboembolism diminished to 3 percent 


















































; Corrently. there is considerable experience 
throughout the world with the Bjork-Shiley tilting 
c prosthesis for aortic valve replacement. Henze et 
have reported results in 161 patients having aor- 
alve replacement. Hospital mortality was 5 per- 
sod late mortality 7 percent in patients followed 
average of 15 months (range 3 to 39 months). 
o death could be attributed to valve failure, and le- 
ons of the coronary arterial ostia were not observed 
y patient examined by autopsy or at the time of 
eoperation. One patient died early in the postopera- 
ive period of a thromboembolus, and another had 
t rombosis of the aortic valve prosthesis 3 
after anena = 22 Neither patient was re- 





or Two. date deaths and significant ddr wa leak 
urred in three patients. Subsequently, Bjork et 
23 reported the results of aortographic examination 
99 long-term survivors after aortic valve replace- 
"with the Bjork-Shiley prosthesis. Minimal aor- 
regurgitation, thought to be through the prosthe- 
and a result of prosthetic design, was present in 57 
cent of patients. Aortic regurgitation was moder- 
in 38 percent and severe in 5 percent of the pa- 
nts: studied. Two patients with severe regurgita- 
n had paravalvular leaks closed at reoperation. 
‘om a series of 300 aortic valve replacements, Bjork 
Henze?? described two patients with massive 
hrombosis of a Bjork-Shiley tilting disc valve pros- 
thesis in the aortic position. Neither patient was re- 
eiving anticoagulant therapy. As a result of this ex- 
erience, Bjork recommends anticoagulant therapy 
after aortic valve replacement. Only mild degrees of 
1emolysis have been observed in patients after aortic 
alve replacement with the Bjork-Shiley valve.?*-?6 

-Lepley et al?" reported an 8.8 percent hospital 
mortality rate and a 3.2 percent late mortality rate in 
patients having aortic valve replacement with a 
irk-Shiley prosthesis. All patients were receiving 
an ar treatment and there were no throm- 














when paraprosthetic leaks were excluded. 

Johns Hopkins experience: Between January... " 
1971 and November 1973, the Bjork-Shiley aortic  . 
valve prosthesis was utilized for elective isolated aor- 
tic valve replacement in 102 patients at The Johns | 
Hopkins Hospital. The death of eight patients (7.8. 
percent) during hospitalization for aortic valve re- ^. 
placement was attributed to myocardial failure in 
five patients, infection in two and arrhythmia in one. - 
All patients were receiving sodium warfarin as anti- 
coagulant therapy unless a specific contraindication  . 
existed. Five patients (4.9 percent) died after leaving 
the hospital but no late deaths were due to thrombo- ` 
embolism. There was one instance of nonfatal cere- 
bral embolus and two patients had bacterial endocar- 
ditis after valve replacement. One of these patients . 
was successfully reoperated on and, in the other, the 
infection was eliminated by antibiotic treatment: 
alone. No patient has required reoperation for para-. 
valvular leak. 

A few instances of disc escape from Bjork-Shiley. 
aortic valves have been reported to Shiley Laborato- 
ries. Examination of these valves at Shiley Laborato-.... 
ries indicated that they had been damaged during 
implantation. Use of a clamp to realign the disc in 
the valve housing can lead to deformation of the . 
prosthesis and subsequent disc escape. Shiley Labo- 
ratories has recommended that the disc be realigned. 
only with the valve holder and never with a clamp. = 

Postoperative hemodynamic results: Bjork et. 

al.?* reported results in 57 patients who had cardia 
catheterization 6 to 8 months afer aortic valve re 
placement. The average peak systolic pressure differ- | 
ence (in mm Hg) at rest across the Bjork-Shiley aor- ~ 
tie valve was 22 for the 21 mm prosthesis, 13.8 for the 
23 mm prosthesis, 9.3 for the 25 mm prosthesis and 
16.7 for the 27 mm prosthesis. During exercise, only  « 
moderate increases in the peak systolic pressure dif- | 
ference were found. For patients with aortic stenosis, - 
it has been shown that Bjork-Shiley aortic prosthe- 
ses, sizes 23, 25, 27 and 29 mm, provided an effective = : 
unloading of the left ventricle at rest and during ex- . 
cercise and that the 21 mm prosthesis accomplished  . 
the same result in patients at rest but not during ex- 
ercise.2> Bjork et al.2° performed postoperative he- 
modynamic evaluation in patients who had received 
either a Bjork-Shiley, Starr-Edwards, Kay-Shiley or . 
Wada-Cutter aortic valve prosthesis. Patients with . 
the Bjork-Shiley valve had the lowest pressure gradi- 
ents and the best hemodynamic results especially 
during exercise and episodes of tachycardia. 









The Braunwald-Cutter. Aortic Valve- 


A large experience. with the Braunwald- Cutter EM 
valve has been reported by Pluth et al?! The early .. 
mortality rate was 7 percent in 122 patients after aor- 
tic valve replacement. Twenty-eight of these patients |. 
had- associated procedures. such as ascending aorta 

rass: The e A 


ortality “rate for aortic valve replacement 


1€ was 6 percent. Seventy-seven patients were fol- 

ed up for a minimum of 3 months, and there were 
ate deaths in this group. Anticoagulation with 

ium warfarin was begun during the first postoper- 

tive week in all but 19 patients after aortic valve re- 
lacement. In addition, anticoagulation was either 
adequate or discontinued in another eight patients. 
hromboembolism had not occurred in any patient 
after aortic valve replacement. Paravalvular leak was 
en ountered in five patients; although anemia was 
ibsent in these five patients, it occurred in three 
er patients who had no known paravalvular leak. 
anemia was controlled with iron medication 
alone. The incidence rate of paravalvular leak (6 per- 
ent) was higher than in a previous surgical series at 
the same institution utilizing prostheses other than 
the Braunwald-Cutter. This relatively high incidence 
rate of paravalvular leak was thought to be due in 
part to the rigid sewing ring, which was modified for 
the mitral valve prosthesis i in May 1972 and for the 
jrtic valve prosthesis in October 1972. In an adden- 
um to the article?! reporting the experience at the 
ayo Clinic with the Braunwald-Cutter valve, it is 
ted that two patients died as a result of poppet es- 
from this valve inserted in the aortic position. 

th wear on the struts was observed in these two 

'ostheses and in two additional valves subsequently 
recovered. Examination of these valves at Cutter 

aboratories disclosed that the seam line on the fab- 
c at the end of the struts had opened and led to 
poppet abrasion and subsequent escape.?? Currently, 
modifications that will fix the fabric at the end of the 
struts more securely are under consideration. 
-> Need for anticoagulation: In the opinion of 
Braunwald,** fabric wear observed in cloth-covered 
ball valve prostheses is predominantly a result of the 
ow rate of tissue ingrowth in man. Collected data 
dicate that cell layers on the cloth-covered pros- 
theses develop in man and experimental animals in 
actly the same way, but that the process is far slow- 
^in man. In the calf and dog, the tissue ingrowth 
ocess is complete by the end of 1 month and in man 
often remains incomplete at the end of a year.?? Al- 
ough it is anticipated that anticoagulant therapy 

n be discontinued once the fabric becomes tissue- 
covered, Braunwald??. currently recommends pro- 
longed anticoagulation because of the slow rate of tis- 
sue ingrowth in man. 

Recently, Karp et al.?* compared the results of aor- 
ae valve replacement with a Braunwald-Cutter pros- 
thesis and a Starr-Edwards composite seat prosthe- 

; Anticoagulant agents were not employed initially 

these patients. 'The early incidence rate of throm- 

oembolism in patients receiving the Braunwald- 

utter aortic valve was 10.7 percent, and 4 of the 14 

tients with thromboembolism died. The incidence 


f thromboembolism in patients with the com- 


site seat Starr-Edwards prosthesis was 9 percent. 


modynamic evaluation: O'Rourke et al35 e- PA 


results of postoperative hemodynamic eval 


ton in a series sof patients receiving | the Braun 
Cutter valve. In six patients with aortic tissue 


-ters ranging from 22 to 27 mm the average peak : 


tolic gradient was 13 mm Hg and the average m 
systolic gradient was 14 mm Hg when mean hea 
rate was 82 beat/min and cardiac output averaged 
liters. 


The Lillehei-Kaster Aortic Valve 


Lillehei et al.!? reported the results in 137 patien 
who underwent heart valve replacement with th 
lehei-Kaster pivoting disc prosthesis during a 
period. Seventy patients had isolated aortic valve 
placement; nine of them (14.3 percent) died v 
the 1st postoperative month. During a 2 to 24 n 
follow-up period, five patients died and no deat. 
shown to be related to valve malfunction or thro: 
embolism. Seven patients with Lillehei-Kaster 
valve prostheses have been catheterized postope 
tively.1536 Mean systolic gradients across the ao: 
prostheses were measured to be 17, 17, 20, 25, 36 
and 50 mm Hg. The 50 and 44 mm Hg pressure gr: 
ents were measured in patients who had an ao 
valve prosthesis with an internal diameter of 16. 
14 mm, respectively. Nitter-Hauge and associ: 
recently summarized the results of a clinical stud: 
which the Lillehei-Kaster prosthesis was compared 
with a Bjork-Shiley prosthesis in patients having ao 
tic valve replacement. There were 68 patients wit 
aortic valve disease who underwent aortic valve re- 
placement during a 12 month period. At random, 
patients alternatively received either a Lillehei-Kas 
er or Bjork-Shiley disc prosthesis. Postoperativel: 
there was no significant difference between the t 
groups of patients in regard to subjective impro 
ment, decrease in heart size or diminution in left v 
tricular hypertrophy as measured by electrocare 
grams. The incidence of paravalvular leakage: 
greater in patients with a Bjork-Shiley prosthes 
though most fistulas were small and only one patien 
required reoperation. The follow-up period for 
groups ranged from 12 to 15 months, and no. t 
boembolic complications were observed in the 
tients, all of whom received anticoagulant tl 
postoperatively. The investigators concluded: 
clinical results after aortic valve replacement. wit 
ther the Lillehei-Kaster or the Bjork-Shiley prost 
sis were similar and, furthermore, were compa 
with results in patients after aortic valve replat 
with a ball valve prosthesis. 


The Smeloff-Cutter Aortic Valve 


From January 1966 to October 1973, Smeloff!! im 
planted a Smeloff-Cutter prosthesis in the aortic po 
sition in. 126 patients. The early mortality rate was 
percent and the late mortality rate 11 percent. A 
tients received anticoagulant therapy postoperati 
unless there was a specific contraindication. Dt 


2, 117 months of follow-up time in the 90 pat 
"who survived aortic valve replacement, 3 patie 
ur sustained clotted valves. Two of the three. clott 








: FIGURE 5. Beall mitral valve prosthesis. 


ses i 'oicürred i in patients after sudden discon- 
of anticoagulation. There were no other in- 
of thromboembolism. In this series, there was 
ction and significant hemolysis was seen in 
"two patients who had partial dehiscence of their 
ic valve prosthesis. In 1967 Groves? implanted 
eloff-Cutter aortic valve prostheses and had a 6 
nt hospital mortality rate. During the next 3 

11 of the 48 survivors died and 6 of these 

were probably due to thromboembolism. An 
ional 27 patients had nonfatal emboli, but 16 of 
e not receiving anticoagulant therapy at the 
of embolization. Two patients were proved to 
à paravalvular leak, and one of them required 
peration. In 1969, Bloodwell et al? reported ex- 
ence with 635 patients who had received early or 
‘model Smeloff-Cutter valves in the aortic po- 
. There was an 8.5 percent early mortality rate 


the sis and fone the average aortic Mert Sys- 
lient to be 4 + 9 (standard error) mm Hg 
ration. McHenry et al.! carried out hemo- 
z studies in six patients after aortic valve re- 
t with the Smeloff-Cutter prosthesis. Sys- 
ients ranged from 5 to 27 mm Hg (mean 19) 
and frorn 8 to 38 mm Hg (mean 29) during ex- 
Paravalvular leak was detected in four of the 










l yn and all, except for one with a avails de- 
rosthesis, had «normal cardiac output re- 






ated with implantation of 


q yi valve replace- 

- tality rates after aortic valve replace- 
ment with the four prostheses are comparable and ` ` 
again probably depend more on patient selection. - 
than the prosthesis utilized. Available evidence indi- 
cates that patients should be given anticoagulan 
therapy if possible after aortic valve replacement . 
with any of the four prostheses reviewed. The Bjork- .. 
Shiley tilting disc aortic valve prosthesis has func- -i 
tioned well up to 5 years and appears to offer hemo- . . 
dynamic advantages when compared with ball valve < 
prostheses, especially in patients with a small aortic | 
root. Fatal complications due to cloth wear have re- 
cently been encountered in patients with a Braun- . 
wald-Cutter aortic valve prosthesis although the 
numbers of these complications are small to date. 
Nevertheless, modifications of the prosthesis. are . ~ 
under consideration and it is hoped that this problem |... 
can be eliminated. The relatively high incidence rate . : 
of early thromboembolic complications observed in. — 
patients not given anticoagulant therapy after aortic 
valve replacement with a Braunwald-Cutter valve 
and the unexpectedly slow rate of tissue ingrowth in 
man raise doubts about the capability of cloth-cov- 
ered prostheses to reduce substantially thromboem- . 
bolic problems in patients not receiving anticoagu- | 
lant therapy. Certainly the Braunwald-Cutter pros- .. 
thesis has been associated with a very low throm- 
boembolic rate in patients receiving anticoagulan 
agents. Theoretically, the design characteristics. of . 
the Lillehei-Kaster pivoting disc aortic valve prosthe 
sis provide hemodynamic advantages similar to those 
of the Bjork-Shiley aortic prosthesis. However, there | 
is at present relatively little information available 
concerning long-term clinical results or postoperative . 
hemodynamic measurements in patients after aortic 
valve replacement with the Lillehei-Kaster prosthe- - 
sis. The Smeloff-Cutter aortic valve has been demon- | 
strated to be a reliable and durable prosthesis for 
aortic valve replacement and is unique in that it has 
been in continuous use without modification foral- 
most 7 years. Basically, it is a ball valve prosthesis . . 
with hemodynamic characteristics similar to thosé of 
the Starr-Edwards prosthesis. 5 
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Mitral Valve Prostheses 
Description of Prostheses 


The Beall Prosthesis * 


The Beall valve is a low profile prosthesis of the disc t 
designed to reduce thromboembolic complications after -- 
mitral valve replacement.*?? Models. 103 and.104 Beall  . 
valves (Fig. 5) are constructed with titanium bases and — 
struts. The base is covered with Dacron velour and the 
struts with Teflon. The disc occluder is made of compres 
sion-molded Teflon. In mod 43 the Dacron velour 
covered titanium base and se i 










id; iita are “coated ‘with Pyrolite dither: The 


onstructed of Pyrolite. The Beall valve was. 


nically in February 1967, and since that time 
han 10,000 prostheses have been implanted.*4 
ial clinical experience with the Beall prosthesis 
rable, and the incidence of thromboembolic com- 
ons in patients receiving this valve was small.5? How- 
“variance in the early Beall valve was noted in sev- 
jatients,“© and therefore in April 1968 the thickness of 
'eflon coating on the cage legs was doubled and the ex- 
led Teflon disc was replaced by a significantly more 
8, compression-molded Teflon disc. The altered pros- 
thesis was designated model 103. Although the incidence of 
hromboembolic complications in patients receiving a 
el 103 prosthesis was small,*" the small and pediatric 
e prostheses had gradients that were higher than desir- 
ble at rest, and exercise produced striking increases in 
ve gradients, pulmonary capillary wedge pressures and 
an pulmonary arterial pressures.4*°° As a result, the 
mall and pediatric size model 103 prostheses were rede- 
ned so that the internal diameter of the valve was in- 
ed by approximately 20 percent. The modified pros- 
s was designated model 104.45 Recently, Beall et al.5! 
rted that postoperative cardiac catheterization in 17 
nts demonstrated that mean diastolic gradients across 
tered prostheses ranged from 2 to 7 mm Hg at rest. 
attempt to develop a more durable disc occluder, 
el 105 Beall mitral prosthesis was designed.5? In 
t 100 patients having isolated mitral valve replace- 
ith the model 105 prosthesis, there was an 11 per- 
hospital mortality rate.5! There were one nonfatal and 
' fatal thromboembolic complications during the fol- 
up period. Unfortunately, four deaths due to strut frac- 
e and disc escape from a model 105 Beall mitral valve 
recently been reported.5? Examination of one of the 
ostheses with a fractured strut indicated the fracture to 
e due to typical fatigue failure. As a result of this experi- 
e, Travenol Laboratories has reinspected all model 105 
à ves in hospital inventories and placed them in new pro- 
ective containers.9? They have emphasized that each valve 
hould remain in this protective container until removal at 
operating table before implantation. They also empha- 
that careful handling during implantation is essential 
revent strut fracture that might lead to eventual failure 
ihe prosthesis. 


e Bjork-Shiley, Braunwald-Cutter, Lillehei-Kaster and 
loff-Cutter Prostheses 


ese mitral. valve prostheses differ from aortic valve 

ostheses of the same name only in the design of the sew- 

ng. ring and they have been described earlier. Hydrody- 

amic evaluation? of the Bjork-Shiley mitral valve pros- 

thesis in which the disc opened to 50? has been carried out, 

and the performance of this prosthesis has been compared 

ith that of the Starr-Edwards, Smeloff-Cutter and Kay 

ley prostheses and a porcine heterograft valve. In this 

dy, the gradient obtained across the Bjork-Shiley pros- 

was lower than that produced by the other valves 

ted. Utilizing an in vitro test system, Messmer et al.55 

> found that the Bjork-Shiley mitral valve prosthesis 

° opening) had a lower pressure gradient than the Starr- 
wards, Wada-Cutter and Beall mitral valve prostheses. 

d hough the Smeloff-Cutter prosthesis cannot be con- 


» have a low profile, obstruction to left ventricular 
y the mitral: valve prosthesis aor ee F 
is hori- — tors recommended anticoagulant therapy i 


tole is theoretically 


- fice seating ball and cage jitietbnden since half t 

of the ball lies in the left atrium, and the length 
measured from the sewing ring and projecting in 
ventricle is reduced. Because of these differences, : 
loff-Cutter valve represents a prosthetic design som 
between the low profile disc type Bjork-Shiley and 
hei-Kaster valves and standard ball and cage valves. 


Results 


The Beall Mitral Valve 


Beall et al.47 reported the results in 202 pati 
who had mitral valve replacement with the mod 
Beall prosthesis. The hospital mortality rate 
percent and there were 21 late deaths. Two fi 
seven nonfatal thromboembolic. -complicati 
curred in the 165 survivors followed up from 
months after operation. Anticoagulant agents w 
never given in approximately one third of the p 
tients and had been discontinued in another third. 

Thromboembolic complications: Between M. 
1967 and June 1971, Nichols et al.59 utilized the m 
els 103 and 104 Beall valves for isolated mitral v 
replacement in 336 patients. The hospital morta 
rate was 8.6 percent and the late mortality rate 
percent in patients followed up from 3 to 52 moi 
(average 32 months). Five patients (1.5 percent). 
as a result of thromboembolus, and two died du 
withdrawal of anticoagulant therapy. Nonfatal 
operative emboli occurred in 6 percent of the. p 
tients. Paravalvular leak was detected in 18 pati 
but required reoperation in only 5. Although t 
low-up period in many patients was 4 years « 
no fatal emboli were encountered after the 1s 
operative year. These same investigators?" wi 
the model 105 Beall prosthesis for isolated - 
valve replacement in 85 additional patients be 
October 1971 and June 1973. In this more recent se- 
ries, the hospital mortality rate was 4.7 percent 
six patients (7 percent) died after leaving the | 
tal. One of these late deaths was a complicat 
anticoagulant therapy and one occurred after r 
ation for thrombosis. The total embolie comp 
rate was 7 percent. Only one patient required. Tone 
ation for a paravalvular leak. 

_ Javier et al. 58 reported their experience with 59 | 


were followed up for 1 to 19 months. Four patie 
percent) had five embolic complications. All pati i 
survived their emboli, and disability persisted i in on 
one of the four patients. Two of the embolic e 
occurred while the patients were receiving anticoe 
lant therapy, and embolus occurred in three o 
stances while the patients were not taking ant. 

lant drugs. Since embolism among patients 
ceiving anticoagulant agents was four times m 
quent than among patients receiving antico. 


therapy: (three episodes in 149 months and t 


sodes in 397 months, respectively), these inve 


































































nj different. types of slot aves milal valves 
ing the Beall and Bjork-Shiley prostheses. 
spital mortality was similar for all prostheses. 
"Thromboembolic complications occurred early i in 1.5 
percent of patients with the Beall valve and in 5 per- 
ent of patients with the Bjork-Shiley valve. The 
total thromboembolic rate was 6 percent for the Beall 
valve and 9 percent for the Bjork-Shiley valve. The 
esults of this study indicated that long-term anti- 
oagulant therapy was mandatory after mitral valve 
eplacement with existing prostheses. 

Intravascular hemolysis: Williams et al.© evalu- 
d 18 patients with a Beall mitral valve prosthesis 
iodel 103 or 104) for evidence of intravascular he- 
lysis. -Significant hemolysis was detected by ap- 
ropriate laboratory tests in 72 percent of the pa- 
ients and one third of the patients were considered 
have hemolytic anemia. However, in the experi- 
e of others,*35° significant hemolytic anemia in 
absence of a paravalvular leak has rarely oc- 
d. Platelet survival was reported to be normal or 
.normal in nine patients with a Beall mitral 
2 prosthesis, and it was suggested that: platelet 
ival studies may be useful in determining the 
mbogenic potential of valve prostheses.! 


The Bjork-Shiley Mitral Vaive 


By October 1973, Bjork? had utilized the Bjork- 
iley mitral valve prosthesis for mitral valve re- 
rent in 217 patients and for tricuspid valve re- 
ement in 38 patients. The early mortality rate 
. d percent and the late mortality rate 8 percent in 
tients with isolated mitral valve replacement. 
romboembolism accounted for four of the late 
deaths and hemorrhage related to anticoagulation 
aused late death in two patients. Forty-four of these 
tients had isolated mitral valve lesions and were 
valuated i in detail before and after operation.9? The 
prosthesis utilized had a Delrin disc occluder that 
opened to an angle of 50°. The prosthesis was placed 
n the subanular position with interrupted mattress 
tures, and the larger opening of the valve was di- 
ied toward the ventricular septum. Subjective im- 
vement was seen in most patients. Thirty patients 
ere catheterized between 6 and 12 months postop- 
;eratively. The mean diastolic pressure difference 
cross the prosthesis was 4.3 mm Hg at rest and 11.7 
nm ‘Hg during exercise. Mean left atrial pressure at 
rest was diminished when compared with preopera- 
tive values but remained significantly above normal. 
ring. exercise, mean left atrial pressure increased 
arkedly but to a lésser degree than preoperatively. 
On the basis of these results, the angle to which the 
disc opens was increased to 60° in April 1972, and 

© now reco mends that the valve be oriented 
hat the main stream of blood flow is frected 
towa | the lateral wall. of the ventricle. l 
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- Messmer et al.” reported al year experience with kl 
Shiley tilting dise prosthesis for mitral. 
valve replacement. The prosthesis utilized contained 
the Delrin disc that opened to 50° and the large hori- 
zontal sewing ring, which was placed in the subanular - 
position. The prosthesis was utilized to replace the . 
mitral valve in 127 patients. Isolated mitral valve re- 
placement was performed in 79 patients, and in an- 
other 48 patients replacement or repair of the aortic 
or tricuspid valve, or both, was combined with mitral 
valve replacement. The overall early mortality rate 
was 15 percent, and 11 of the 19 early deaths oc- 
curred in patients who had aortic or tricuspid valve 
replacement in addition to mitral valve replacement. 
The early mortality rate was 9 percent in patients . 
who had only mitral valve replacement. During a fol- 
low-up period that ranged from 2 to 15 months, seven © 
patients (6 percent) died. All patients received anti- 
coagulant therapy beginning on the 3rd day after op- 
eration and there was a 6 percent early and a 5 per- 
cent late rate of thromboembolic complications. 
Lepley et a1.??6* recently reviewed their experience 
with the Bjork-Shiley prosthetic valve. Between Jan- 
uary 1970 and August 1973, 153 patients underwent . 
isolated mitral valve replacement. The hospital mor- ` 
tality rate was 3.2 percent. Through December 1972, © 
5 of 109 patients had died after leaving the hospital 
for a late mortality rate of 4.7 percent. Five patients |. 
with a mitral valve prosthesis had thromboembolic 
complications (3.9 percent). No instance of valve 
malfunction was encountered. In one patient infec- 
tion developed, but no patient demonstrated signi 
cant hemolysis. Most of the nine patients studi 
postoperatively demonstrated a low prosthetic mitral 
valve gradient and a marked reduction of pulmonary T3 
hypertension.?" id 
Jordan et al.55 reported results in 58 patients who `. 
underwent mitral valve replacement with the Bjork- 
Shiley prosthesis. The hospital mortality rate was 6.8 .. 
percent, and five patients died after discharge from 
the hospital. Two of the late deaths were a result of 
intracerebral hemorrhage in patients receiving anti- 
coagulation therapy. There were two instances of 
thromboembolism in patients after mitral valve re- ` 
placement. Paraprosthetic leaks were detected in five 
patients and required reoperation in two. There was. * 
no evidence of excessive red blood cell destruction or 
clinically significant anemia in these patients. Disc . 
dislodgment has been reported? for the Bjork-Shiley . 
mitral valve prosthesis; however, it is probable that - 
the prosthesis was damaged during intraoperative: C 
rotation of the metal seat. 





The Braunwald-Cutter Mitral Valve RED 
Pluth et al?! reported the results in 67 patients - : 


undergoing mitral valve replacement with the Braun- . 
wald-Cutter prosthesis. Forty-eight of these patients 


had isolated mitral valve. replacement, and the re- 
maining 19 had mitral valve replacement in addition. 
to some other cardiac procedure. cluding. replace- s 
ment of. another valve. T Bona. rate F 































cont aid. there: -were six aie deaths. Fifty. 


, and all patients were given sodium warfarin 
- beginning in the first postoperative week. 

boembolism was suspected in one patient with 
trial fibrillation who had been receiving adequate 
oagulant therapy. Paravalvular leak was present 
two patients, and no patient was known to have 
iificànt anemia. O'Rourke et al.*> followed up 35 
ients for 4 to 26 months after replacement of the 
mitral or aortic valve, or both. Three patients died. 

Jne: patient died of an intracerebral hemorrhage 
"while taking anticoagulant agents 3 months after in- 
tion of a mitral valve prosthesis; the other two 
eathis occurred in patients after aortic valve replace- 
ent. During the follow-up period, only one episode 
'Wirüiboembolism occurred. The patient had a left 
emiparesis 18 months after mitral valve replace- 
ent and 3 weeks after cessation of anticoagulant 
therapy. The patient had atrial fibrillation and a 
yaravalvular leak. Eight patients at rest were evalu- 
ed hemodynamically and in them the mean diastol- 
mitral valve gradient was 4.8 mm Hg (range 0 to 8), 

ind the end-diastolic gradient was 0.8 mm Hg (range 
) to 2) at a time when mean heart rate was 75 beats/ 
‘and cardiac output averaged 5.1 liters/min 
nge 3.4 to 8.0). ‘Calculated effective mitral valve 
ice size averaged 2.68 cm (range 1.92 to 3.46). 





























































e Lillehei-Kaster Mitral Valve 


Lillehei et al.!? recently reported the results of iso- 
ted mitral valve replacement in 49 patients who re- 
eived the Lillehei-Kaster pivoting disc prosthesis. 
- Three patients (6.1 percent) died in the first postop- 
erative month and seven additional patients (14 per- 
^ cent) died during a follow-up period that ranged 
from 2 to 24 months. One patient died after reopera- 
tion for replacement of a malfunctioning prosthesis 
e to improper positioning at the original operation. 
Except for this patient, no late postoperative death 

s known to be due to valve malfunction or throm- 
oembolism. One patient had a nonfatal cerebral em- 
bolus 3. months after operation when anticoagulant 
therapy was electively discontinued. Most patients in 
is series were given sodium warfarin therapy early 
in the postoperative course, although a few patients 
re not given warfarin because of specific contrain- 
ications. Postoperative studies indicated that intra- 
> vascular hemolysis was minimal and clinically insig- 
.. nificant.96 In four postoperative patients, the mean 

- diastolic pressure gradient across a Lillehei-Kaster 
mitral valve prosthesis was 4, 7, 8 and 8 mm Hg, re- 
Jectively, and calculated valve orifice areas ranged 
m 1.2 to 1.9 cm?. 














he Smeloff-Cutter Mitral Valve 


Between January 1966 and October 1973, Smeloff 
al.!! carried out mitral valve replacement in 90 pa- 
nts utilizing the Smeloff-Cutter prosthesis. There 








gi i tiodgitónt the ipy after th 


ients were followed up fora minimum of 3 — less there was a specific ‘contraindication. 


18 percent early and an 11 percent late mor- 


ate in this group of patients: All patientes Were. de other than current deiga of the p ost! esis. t 













boembolic complications occurred in 1.2 pe 
patients who survived the operation. Grov 
ported his experience with 30 patients who un 
went isolated mitral valve replacement during 196 
Three of the 30 patients died before leaving th he 
pital. During the subsequent 3 years, five pat 
died and, in three patients, the cause of death. 
probably thromboembolism. Fishman et al. 
ported a 5 year experience with the Smelo! 
mitral valve prosthesis. The hospital mortali 
was 12 percent and the late mortality rate 16 p 
in 132 patients who underwent isolated mitral 
replacement. These investigators reported a 
boembolic rate of 6.5 percent per year, which di 
diminish with time, although there was no instan 
thrombotic occlusion of the prosthesis. No ball. 
ance, valve dysfunction or bacterial endocarditi 
encountered and the incidence rate of paravalvu 
leak was 4 percent. All patients were given anticoa 
lant therapy postoperatively and serious or mi 
bleeding complications attributed to this therapy 
curred in 23 of the 94 patients alive 3 to 63 (a 
33) months after operation. 

Hemodynamic studies: McHenry et als. 
formed postoperative hemodynamic studies i 
patients after mitral valve replacement with 8 
loff-Cutter prosthesis. Left atrial pressure, 
compared with preoperative values, was reduced 
three patients, unchanged in two and increased 
two after mitral valve replacement. Diastolic g 
ents across the mitral prostheses ranged from 2: 
mm Hg (mean 6) at rest and from 4 to 20 mr 
(mean 15) with exercise. Moderate paravalvula 
gurgitation was noted in two of the six patients. Th 
failure of the Smeloff-Cutter mitral valve consisten 
ly to reduce left atrial pressure, reduce diastolic gra 
dients and permit an increase in cardiac outpu 
thought to be due in part to the rigid metal ri 
the mitral valve anulus. Lee et al.®8 carried out h 
dynamic studies in 26 patients before and afte 
lated mitral valve replacement. Prostheses util 
these patients included the Starr-Edwards, Smelof! 
Cutter, Kay-Shiley and Beall valves. Significant h 
modynamic improvement at rest was found in- 
patients after operation; however, pulmonary 
wedge pressure increased significantly in a linee 
manner as cardiac output increased while left ve 
tricular end-diastolic pressure remained normal. T 
investigation demonstrated that all prostheses i in 
patients studied produced functional stenosis. The 
major limitation of the prostheses was thought. t 
the fixed valve ring, which does not increase in 
eter during diastole as does the normal mitral vi 
anulus. Su 










































































Summary 


Early and late mortality: following mitral. v 
placement appears to be largely influenc b: 
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parti RPM yer exercise is somewhat iapboinr- 
many patients obtain marked subjective im- 
ment after mitral valve replacement. The fact 
that prosthetic valves contain rigid rings that do not 
xpand during diastole as does the normal mitral 












is failure than does the specific ball and cage or 
rofi ue dise on For pens with a small left 









































Mean aiid of the five ee reviewed. 
h fatal complications due to strut fracture in 
tients with the Beall model 105 suggest that 
may be structural problems with this prosthe- 
sis, satisfactory results and low thromboembolic rates 
re been associated with Beall models 103 and 104 
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coagulant therapy. Whether the problems associated. : : 


plications in patients. receiving anti- 






with cloth wear that have been reported in a few pas 
tients with the Braunwald-Cutter aortic valve pros- |: 
thesis will develop in patients with the Braunwald- . 
Cutter mitral valve prosthesis has not yet been estab- 
lished. The theoretical hemodynamic advantages of : 
the Bjork-Shiley and Lillehei-Kaster prostheses do 
not appear to be as important in the mitral position 

as they are in the aortic position. Excellent results 
after mitral valve replacement with the Bjork-Shiley ~ 
prosthesis have been reported, and the relatively - 
large incidence of thromboembolic complications rë- 
ported by Bjork has not been encountered in other 
series in which the Bjork-Shiley mitral valve. was. 
used. Although clinical experience with the Lillehei- 
Kaster prosthesis for mitral valve replacement is not 
extensive, the initial results are satisfactory. The 
Smeloff-Cutter valve has been demonstrated to be . . 
satisfactory for mitral valve replacement, and its con- = 


tinuous use without modification since 1966 is indica- 





tive of its reliable performance. 
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sue Valves - 


The search for an ideal replacement for diseased intracardiac valves 
has resulted in the use of many tissue valves, including homografts, — 
heterografts and valves of autologous and heterologous fascialataand — — 
of pericardium. Operative mortality in experienced hands has been .. 
comparable to that of other operations using prosthetic valves. Sterll- 
ization and preservation techniques probably render the graft nonvia- — 
ble in all instances. Although early function has been satisfactory, late — 
deterioration of leaflet tissue has led to valve failure in a high percent- 
age of cases. At present, glutaraldehyde-prepared heterografts and 
fresh antibiotic-sterilized homografts appear to have the longest dura- 
bility of the various tissue grafts used for valve replacement. The pri- - 
mary advantage of tissue valves has been the essential elimination of .. 
thromboembolic complications, and the primary problems have been — 


infectious endocarditis and late graft deterioration 









The replacement of a mechanically defective cardiac valve is the most 
frequently performed intracardiac operation. The results of valve re 
placement procedures are dependent primarily on three factors: (1 
the reserve of the patient's myocardium at the time of operation; (2 
the expertness and operative technique of the surgical team; and (3 
the durability and long-term function of the valve used for replace. 
ment. UD E RS 

Today, replacement of the aortic or mitral valve can be. accom- 
plished by an experienced surgical team with an operative mortality | . 
of less than 5 percent in patients who are operated on before thereis 
marked deterioration in myocardial reserve. The long-term survival.  . 
of patients undergoing valve replacement appears to be only slightly 
less than the expected survival in normal subjects if operation is per- ; 
formed at an appropriate time in the course of the disease process 
(Fig. 1 and 2).^? Under these conditions, the factors limiting optimal 
results are related to the kind of valve substitute used for replace- . . 
ment. Indeed, were the ideal valve substitute available, one that did .— 
not contribute to late morbidity and mortality, there would be strong ' - 
reason to advise replacement as soon as it was evident that the pas ^ 
tient's own valve had a hemodynamically significant mechanical de- = 
fect. It. 

















cardiac vales, surgeons Bu 
cted much. attention to the use of various - 


"tissue valves. Although such valves have 
associated with an absolute minimum of throm- 
mbolic complications, they have been associated 
1 other problems such as difficulty of procure- 
t, the need for unusually precise surgical tech- 
ues in their insertion, and late valve failure due to 
rations in the tissue used. In attempts to over- 
the problems of procurement, homografts have 
een ‘subjected to- various methods of sterilization 
nd preservation, all of which have various degrees of 
mful effect on the tissue and undoubtedly con- 
jute to late valve failure. Heterografts treated to 
minate tissue antigenicity and allow preservation 
e likewise shown late failure. Autologous tissue 
alves have not been without late changes that result 
dysfunction. It is important, in evaluating tissue 
ves, to consider the method of sterilization and 
servation, the early function of the valve and also 
need for sufficient follow-up data, in terms of 
time and extent of assessment, to appraise the 

e results accurately. 


Homograft Valves 


meat as a tissue valve replacement for the aortic > 


Murray? had demonstrated the long-term 
jn of an aortic homograft in the descending 
c aorta, and in 1962 Rosst and Barratt-Boyes® 
the clinical application of aortic valve homo- 
placement in the subcoronary position. Al- 
hough Barratt-Boyes' initial experience was with 
valves procured under sterile conditions, prob- 
ems of procurement resulted in the use of multiple 
thods of sterilization and preservation. Beta-pro- 
actone, ethylene oxide, mercurate, irradiation 
.ianning agents such as formalin and glutaral- 
ehyde have been used for sterilization. Freezing 
e and in combination with use of balanced salt 
utions at hypothermic temperatures has been used 
" preservation. Either method renders the graft 
'jable: Although nonviable grafts have been 
-by many to function well in the early period 
after operation, degenerative changes in the cusps 
to late failure. - 
ayo Clinic experience: Experience at the Mayo 
nic? with aortic valve homografts indicates that 
ley can be inserted with a low operative mortality 
ate and with good early results. However, with in- 
sing length of follow-up study there has been an 
easing incidence of valve failure necessitating re- 
ion. From 1965 to 1972, replacement of the 
valve with a preserved aortic valve homograft 
performed in 229 patients. This was a selected 
e excluding certain patients thought unsuit- 
for homograft replacement. Homografts used in 
st 92 patiente in this series were sterilized with 
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Years, postoperative 
FIGURE 1. Actuarial curves depicting relation of cardiothoracic 
(C/T) to probability of survival in patients after aortic valve ri 
ment with Starr-Edwards ball valve. (Reprinted from Braun et 
permission of C. V. Mosby Company.) 


20 F — Small left atrium € 50 
»--.Large left atrium 250 


0 1 2 i 
T=time in years after mitral valve replocer 
FIGURE 2. Actuarial survival curves depicting relation of teft. 
size and age (greater or less than 50 years) to probability of su 
after mitral valve replacement with Starr-Edwards model 612 
valve prosthesis. (Reprinted from Pluth and-McGoon? by: per 
of American Heart Association.) ` 
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Hank’s solution at 4° C. The remaining . 137 valv 
were sterilized by irradiation and stored at — 
The techniques of procurement, sterilization, pre 
vation and insertion have been described.78 
The operative mortality rate was 4.3 perceni 
208 patients who had isolated aortic valve re 
ment. Twenty percent of patients who survivec 
ation had an aortic diastolic murmur at the ti 
discharge from the hospital. The murmur was 
lated to the method of sterilization or preserv 
but the decreasing incidence of early diastolic 
murs with increased surgical experience sug, 
that technique was an important factor. Dat: 
first 184 patients in this series who survive 
aortic valve replacement were analyzed | 
methods to determine survival rates and the pr 


bility of reoperation. 


The probability of reoperation for rep 


in tial peration is is shown 








TOTAL N=184 - 






















FIGURE 3. Curve depicting probability of reop- 
eration in patients surviving isolated aortic valve 
replacement with a preserved: aortic valve ho- 
mogratt. (Reprinted from Wallace et al. by per- 
t=time in years mission of C. V. Mosby Company.) 
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FIGURE 4. Probability Curves. of iadperdió 
pending on presence or absence of an: early di- 
: 7 3 1 5 3 j astolic murmur (EDM) after replacement: of the . 

aortic valve with a preserved aortic valve ho- 
mograft. (Reprinted from Wallace et al. by per- 























time in years after 30 days following operation mission of C. V. Mosby Company.) 
e probability of reoperation in patients with for reoperation continues to iow an increasing prob- 
out a diastolic murmur due to homograft in- ability of reoperation with the passage of time. Rup- 
apetence at the time of hospital discharge. Of the ture of a cusp is occurring in valves that were com- oo 
riables evaluated, including graft steriliza- pletely competent for 5 to 6 years. 
and preservation, the presence or absence of an The actuarial survival rates of patients still alive 
diastolic murmur was the only significant factor 30 days after operation is shown in Figure 5. "These 
icting the probability of a need for reopera- data encompass all survivors, including those reoper- 
all instances in which reoperation was neces- ated on. Reoperation did not affect survival directh 
omograft was incompetent. Homografts re- in that no deaths have been associated with replace- 
ng Pep coment, within ids first 18 months after ment of a homograft valve. Eighteen deaths occurred 









in patients who had not required reoperation; 16 
of eardiac origin and 7 were considered valve-related; 
in 3 of the latter cases, the Patiente? had l bacterial en 
docarditis. 







Survival % 


JRE 5. Actuarial survival.curve of 
ients alive 30 days after replace- 
ment of ‘the aortic valve with an aor- 


Wallace et al. by permission of C. V. 
Mosby Company.) 


ure, separation of collagen fibers and disruption of 
slastice fibers. These changes were more pronounced 
n valves removed because of dysfunction. Ingrowth 
f host cells did not occur. Calcification was common- 
sént in the aortic wall remnant of the graft but 
requently found in the cusps except in those 
ts who had had bacterial endocarditis of the 
ograft, in which case there was almost always cal- 
ication of the cusps. 
Other reported surgical experience: Our expe- 
ce is similar to that of others who have used aor- 
homografts that were sterilized and preserved by 
lar methods. Pacifico et al? reported on 187 pa- 
nts who underwent aortic valve replacement with 
rradiated and frozen homografts. The actuarial sur- 
vival rate 3 1/2 years postoperatively was 93.5 per- 
cent. No thromboembolic complications and only one 
nstance of bacterial endocarditis occurred. Five pa- 
nts (2.8 percent) required reoperation for replace- 
ment of the homograft 3 to.35 months after insertion. 
The experience reported by Beach!? with 45 pa- 
tients followed up 5 1/2 to 7 years after receiving irra- 
ted and frozen homografts prompted his group to 
scontinue the use of homografts. The six operative 
ths i in that series were considered to be of techni- 
al origin. The late mortality rate was 36 percent, and 
half of the late deaths were related to valve failure. 
'The late failure rate was 41 percent, and valve infec- 
tion occurred in five patients. 
. :Barratt-Boyes' long-term experience!! with 16 pa- 
tients operated on in 1962 and given fresh homo- 
«grafts has encouraged others to use fresh homografts 
-sterilized with antibiotic agents in an attempt to re- 
duce the rate of late valve failure associated with 
'hemically treated or irradiated homografts. Among 
ese 16 patients, 2 died late and 4 required reopera- 
1 to 9 years after implantation. Ten patients 


er alive. with the original homograft 9 years after 


12 "Bárratt- Bijat ‘and Gonzalezi Lavin? a 
leir. co-worke described. ther exper ice with 


t=time in years after 30 days foliowing surgery 


fresh antibiotic-treated homografts. Their t rep 
dicate that use of these grafts results in a red: 
cidence of valve failure due to rupture or te 
cusps compared with that of chemically treated 
radiated valves at comparable time periods. Alt 
Kosek et al.'4 have reported viable cells pt 
years after implantation in valve grafts pr 


-the fresh viable state, there continues to 


versy as to whether the valve remains viabl: 
tologic structure of these valves is alter 
seems likely that deterioration of cusp tis 
occur, resulting in valve dysfunction alth 
slower rate than has been shown to occur. 
cally treated or irradiated valves. 


Mitral Valve 


Experience with the use of homografts f 
ment of the mitral valve has been limited 
ford group!? has reported on 120 patien 
ceived mounted aortic homografts for mitr: 
placement between 1967 and 1972. Th 
mortality rate was 5 percent and early re 
good. However, valve complications and. 
ure occurred often enough so that only 50 per 
patients were alive with a well functioning 
the end of 5 years. At present there appears 
tle enthusiasm for the use of aortic homograf 
placement of the atrioventricular valves. — 


Heterografts 


Problems associated with procuring hom 
have led to the use of heterograft valves. Bovi 
porcine heterografts have a greater amount o 
cardial tissue supporting the. cusps, and the 
(especially in the bovine valve) have a greatet 
of asymmetry than homografts, thus mak 
insertion more difficult. For this reasoi 
grafts have been mounted on stents. O 


Paneth and O'Brien!" have used a comr 
-heterograft in an attempt to make . 
- valve. Sterilization and. preservation ol heter 


















all ed on es use of heter: 
by mercurial salt solution, and al- 
ort: y rates aid incidence of valve dysfunction 
ave aused Binet’s group to discard this technique. 
| 1966 O'Brien and Clarebrough!? reported their ex- 
nce using unmounted heterografts that had 
subjected to curing with 4 percent formalin. 
iin the initial results were favorable but after 4 
ears the rate of failure rose precipitously; failure 
aost often was caused by thinning and rupture of the 
s. 
Carpunticr and his associates”?! in 1969 advocat- 
‘method of curing and preserving heterografts 
glutaraldehyde. This technique produces cross- 
of collagen fibers, which increases the stabili- 




















ere on between 1968 and 1972, using 
raldehyde-prepared valves for replacement of 
itral and tricuspid valves. There were four 
ures, requiring reoperation 4 to 5 years after 

































choukos et al.23 have evaluated the use of for- 
ixed frame-mounted porcine valves, which 
ed for mitral valve replacement in 17 patients. 
ve percent of these valves were incompetent 
| months. Hemodynamic studies revealed no 
ant differences from findings in patients with 
valve prosthesis. The gross and microscopic 
ures of the removed valves were reported to be 
2 lose seen in preserved homografts. A similar ex- 
ience has been reported by the group at Stan- 
d,*4 which used 32 formalin-treated valves for aor- 
c and mitral valve replacement. All but two grafts 
led 2 months to 4 years postoperatively. 





- Autologous Grafts 


n 1967 Ross? reported on the use of the trans- 
nted pulmonary valve to replace the aortic valve 
he insertion of a reconstituted aortic homograft 
pulmonary area. The autologous pulmonary 
ze has also been used for mitral valve replace- 
The reported advantages of the autologous 
monary valve are its.viability and unaltered struc- 
. Ross?*. has reported an absence of late valve 





v Boos favors this type of procedure in patients 
d e 40 years who have isolated aortic valve dis- 
ie. Undo tedly, for most. surgeons, the operative 
i would be higher than for other valve 








e has not been 







idely accepted: 


procedures and, , perhaps for this reason, 
; , incompetence, which í in most in tances i is related t to 





Use of PECES fascia lata j nétruct a an apktic ee 
valve replacement was reported by Senning?” in 1967. 
Subsequently, others have used fascia lata either © 
stented or as a free graft. Similar experiences with . 
this type of graft have been reported by Ross? and 
Ionescu et al.?? All have noted a relatively high inci- ..- 
dence rate of infection. There has been a high rate of ^ 
failure when fascia lata valves were used in the mitral - 
area, and most surgeons have abandoned this proce- 
dure. 

Ionescu et al.?? recently described the use of stent- 
ed valves constructed from autologous and homolo- 
gous fascia lata, and also heterologous (bovine) peri- 
cardium, in 241 patients. The follow-up period was 6 
to 60 months i in the group with fascia lata valves and 
6 to 36 months in those with valves of pericardial tis- 
sue. Among the 241 patients there were 27 early and 
23 late deaths. Twelve deaths were due to endocardi- 
tis. Valve failure was not seen in those with aortic 
valve replacement but occurred in 17 percent of pa- 
tients who received a fascia lata valve for mitral valve 
replacement. This experience has led Ionescu to con- 
clude that heterologous pericardium may prove to be = 
an acceptable tissue valve replacement; however, val-: 
idation will require a longer follow-up period. 





Conclusions 


The search for the ideal replacement for cardiac 
valves has taken many routes and the ideal replace- 
ment has yet to be found. Mechanical prostheses are 
most commonly used because of their availability and. 
relative ease of insertion. Complications associated _ 
with prosthetic valves, primarily thromboembolism, ` 
have resulted in the use of various tissue valves that VU 
have been shown to be essentially free of thromboem- >> 
bolic complications. However, with greater experi- ^. 
ence and longer follow-up periods, tissue valves have — 
been shown to have their own inherent problems. £ 

Insertion of a tissue valve in most instances re- 
quires a slightly longer operative period and aimore 
precise technique than insertion of a mechanical. 
prosthesis. However, tissue valves can be inserted 
with a low operative mortality rate by those experi- 
enced with their use, and they have been shown to 
function well during the early postoperative period. 

The major problem with tissue valves has been the 
tendency to late failure, often necessitating reaper: 
tion. 

Tissue valve failure: Tissue valves are probably ; 
rendered nonviable in all instances by any of the cur- 
rent methods used in sterilization and preservation, 
and thus they serve as biologic prostheses. Such bio- 
logic prostheses subjected to the stress of valve func- 
tion ultimately will show a loss of structural integrity _ * 
resulting in dysfunction of the valve. The duration of . a 
function of tissue valves is dependent on two factors: E 
(1) the early function of the valve, and (2) the meth- 
od used for sterilization and preservation. Early valve ` 














echnical factors, increases de stress on-the valve 


d results in a more rapid rate of its deterioration. 
ves sterilized by the early method, using ethylene 
oxide, have had the shortest duration of function, 
hereas the fresh homograft procured under sterile 
conditions has had the longest duration of function. 
Controvérsy exists as to whether viability of tissue in 
the fresh antibiotic-treated valve persists; however, 
structural changes have been observed in these 
valves, and it is likely that they too will fail although 
"at a slower rate than valves or tissue subjected to 
treatments that alter their structure more severely. 
"The lack of viability of tissue valves not only renders 
them susceptible to failure because of loss of tissue 
integrity but also, as with any other foreign body, 
renders them susceptible to infection. 

- Tanning of homologous and heterologous grafts 
and tissue using the glutaraldehyde techniques has 
- resulted in favorable early results. Again, however, it 
.is:most probable that this nonviable tissue will also 
fail with time. 

-Excellent results in terms of valve function have 
been achieved by Ross?5?9 using a pulmonary valve 
autograft for aortic valve replacement. This probably 

presents the only tissue valve that retains viability. 

he disadvantage of this technique is primarily the 


PRAE magnitude of tie operat ive proc 


thus the increased operative mortality. 

The logistics of procuring and preparit 
valves, and the slightly increased technical pro 
of insertion, would be readily acceptable if | 
function was assured. In our experience, as 
others using preserved homografts, the valves c 
inserted with an acceptable operative mortality 
can provide excellent early results. The progr 
increase in valve dysfunction and the need for 
eration in 51 of 218 patients who survived ope 
have greatly diminished our earlier enthusiasm. 

Clinical implications: Replacement ol 
valve by.any means is a palliative procedur 
present, the mechanical prostheses appear to 
best choice for most patients. One might con 
that the most appropriate use of tissue valve 
be in those patients whose life expectancy is. les 
the proved durability of the valve. 

Because of the early favorable EK: 
achieved with fresh antibiotic-treated va 
also glutaraldehyde-treated tissue valves, e: 
should continue to be accumulated with these 
niques. It seems likely, however, that contit 
provements in mechanical prostheses will ult 
lead to the most acceptable valve replacement. 
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D gnosis and Management of Complications of 
Prosthetic Heart Valves 


KLOSTER, MD Complications after heart valve replacement remain a substantial ; ^. 
source of morbidity and mortality despite continuing advances in surgi- — 
cal care and prosthetic design. Infectious endocarditis occurs in about — — 
4 percent of patients and may appear early (within 60 days) or late - 
after operation. Endocarditis of early onset is commonly due to staphy- 
lococcal, fungal or gram-negative organisms and is fatal in 70 percent - 
or more of cases. Infection of late onset is more often of streptococcal - ud 
origin and the mortality rate is lower, about 35 percent. With either __ 
type, prompt recognition, vigorous and appropriate antimicrobial. thera- < 
py and early consideration of surgical intervention are crucial. - i 

The postperfusion and postpericardiotomy syndromes are relatively 
common and relatively benign syndromes associated with postopera- 
tive fever. Their recognition is important to prevent confusion with en- 
docarditis or sepsis and thus to reassure the patient and physician. 
Treatment is primarily symptomatic. Intravascular hemolysis. occur ) 
with most prosthetic heart valves but is more common with. certain 
prostheses and with paraprosthetic valve regurgitation, with signif 
hemolytic anemia in 5 to 15 percent. Oral iron replacement ther. 
effective in the majority of patients, but occasionally blood transf 
or reoperation for leak around the prosthesis is necessary. Prosthesis 
dysfunction due to thrombus may be recognized clinically by rei 
rence of heart failure, syncope, cardiomegaly and altered prosthet 
valve sounds or new murmurs. Hemodynamic studies verify the diag- 
nosis, and prompt reoperation is indicated for this potentially lethal — 
problem. Systemic embolization has decreased markedly with the in- £ 
troduction of cloth-covered prostheses and is frequently related to er- — : 
ratic or ineffective anticoagulant therapy. We continue to recommend . 
anticoagulant therapy for all patients with prosthetic heart valves un- n dui 
less there is a major contraindication. 
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Despite continuing advances in surgical techniques and postoperative Ü 
care and improvements in prosthetic heart valve design, complica- . 
tions after valve replacement remain a substantial source of morbidi- - 
ty and mortality. Certain problems, such as the postpericardiotomy 
and postperfusion syndromes, are usually self-limited. Their recogn 
tion is of importance primarily to prevent confusion with more s 
ous causes of fever and to reassure the patient and physician. Oth 
T : including infectious endocarditis, hemolytic anemia, systemic arterial 
= D epartment of Medicine, Division of embolization and obstruction of the prosthesis due to thrombus, are 
i potentially life-threatening problems and must be detected promptly _ 
Ore. This study was supported and treated vigorously. This paper reviews the common complica- 
ect Grant HL.06336 from- — tions of prosthetic heart valves, including incidence Tates, iagnentie. 
m features and recommended therapy. y i 
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ulnerability of the patient to endocarditis and 
s eradication of the infection difficult. Early ex- 
nce suggested that infectious prosthetic endo- 
s was nearly always fatal!-* Recent reports 
demonstrated that with appropriate antimicro- 
therapy and, when indicated, prompt surgical in- 
vention, survival and apparent cure are possible in 
substantial number of patients.5-? 

































































he reported incidence rate of infectious endocar- 
is in patients with valve prostheses has ranged 
m less than 1 to more than 10 percent. 5-7,9-16 This 
ide variation probably reflects in part the duration 
f observation and availability of patients for follow- 
p and the greater incidence of operative contamina- 
n in the early years of valve replacement. Recent 
idies report an overall incidence rate of less than 4 
rcent divided between early cases (onset of symp- 
within 60 days after operation) and late cases 
et after 60 days).5-7:11-16 While the exact time pe- 
are somewhat arbitrary, there are characteristic 
ures in endocarditis occurring soon after valve re- 
nt compared with cases of late onset that are 
| understanding the pathogenesis, in plan- 
herapy and in anticipating the response to 
ent.^-7 
ly endocarditis: Prosthetic valve endocarditis 
ig early after operation is usually due to con- 
ation. during the surgical procedure or to ob- 
infections i in noncardiac areas during the imme- 
jostoperative period.?671.16 The infecting or- 
-are Staphylococcus epidermidis or aureus in 
out half of the cases and fungal or gram-negative 
bacillary organisms in the others. The same or- 
anisms that are identified as causing endocarditis 
ive commonly been cultured from operating room 
uipment, particularly the pump oxygenator, or 
om infected intravenous catheters, wound infec- 
»ns and urinary catheters.®!® The response to ther- 
apy has been poor, and the mortality rate of 87 per- 
nt reported from our institution? and that of 68 
nt observed by Dismukes et al. are representa- 
. The dismal outcome may be related to the in- 
, and resistant organisms involved, direct incor- 
poration of infection into the suture line of the pros- 
thesis and the patient's decreased resistance to infec- 
tion in the postoperative period.!4 The few survivors 
ve been those with staphylococcus endocarditis; in- 
fections with gram-negative organisms and fungi 
have usually been fatal. 
ate endocarditis: In contrast, prosthetic valve 
'arditis developing late after operation is more 
- to classic subacute bacterial endocarditis. A 
tating event unrelated to the original opera- 

































































tions. ‘The causative organisms are mor 


elatively common n fife -threatening complica- us 


he presence of the prosthesis both increases Findings i in Infectious Prosthetic Valve Endocarditis 


may be mistakenly diagnosed as a “viral infe 
- “flu,” and there is commonly a substantial d 
tween the onset of symptoms. and recognitio 
i infectious endocarditis. During t 


an often be identified, including dental proce- 
pyogenic skin infections and genitourinary _ 













- Study 
Amoury ' Dismukes 
et al.2 ét als et al 





Fever — -. 10096 100% 9405. 
Changing murmur 85% 66% 2406. 


Splenomegaly 61% 61% 095. 
Systemic embolus 31% * 4195. 
Petechiae 1595 63% 695. 
Clubbing 8% 0% 
Anemia 54% 100% 0 
Leukocytosis 31% 87% 7395: 





Hematuria * 75% 2495. 


* Data incomplete. 


streptococcus species most common, Staphylococ 
epidermidis and aureus less frequent and gram 
tive bacillary or fungal organisms infrequen 
The response to treatment is considerably. 
than in infection of early onset; mortality rate 
36 percent in the patients described by Slaug 
al. and 42 percent in the series of Dismukes e 

This reduced mortality probably reflects less virul 
and more sensitive infecting organisms, greater r 
tance to infection by the patient and decreased 
sibility of the suture line to invasion by the 
ganisms. 








Diagnosis 


Clinical features: The clinical presentat 
prosthetic valve endocarditis is also related. 
time of onset after operation. Fever is the halln 
the disease and is present in virtually al 
(Table I).297.1417 When endocarditis develo 
after operation, fever is persistent through 
postoperative period and is commonly ass 
with infections elsewhere in the body, suck 
wound infection or pneumonia. Disruption o 
ture line around the prosthesis occurs fre 
with development of a regurgitant murmur 
vere heart failure; clinical deterioration 
rapid.!® Infection developing late after inse 
the prosthesis presents as a recurrent or per 
fever, and the clinical course may be insidious 
prolonged or acute and rapidly progressive. Pat 
commonly note fatigue, malaise, lethargy or an 
as well as sweating and chills associated wi 
fever, but sometimes feel quite well.!4 Classic s 
endocarditis such as petechiae, splinter hem: 
and microscopic hematuria are often absen! 

The low grade fever and vague systemic. 








































































tis in any patient: wit ith a deti x naive who is 
ntermittent or persistent fever cannot be overem- 
phasized. A new murmar of valve regurgitation, sple- 
nomegaly and systemic embolization are the most 
emmon and helpful findings other than fever in 
: clinical recognition of infectious prosthetic endocar- 
- ditis (Table I). Valve regurgitation is less frequent i in 
endocarditis of late than of early onset and, in gener- 
. 8l, is less severe. New murmurs of regurgitation usu- 
_ally indicate disruption of the prosthetic suture line 
but may occur as a resuit of thrombus on the prosthe- 
is preventing complete opening or closing of the 
-poppet. Impaired poppet seating or extensive disrup- 
ion of sutures may be demonstrated by fluoroscopy. 
A helpful radiologic finding, the “double exposure 
n," has been described by Stinson et al.!8 Abnor- 
nal motion of a partially detached valve is shown as 
slurred or double image in X-ray film exposed over 
long period of time. Thrombus on the prosthesis 
iy cause stenosis as well as regurgitation, and fatal 
struction has been reported.‘ It may be apparent 
nically as altered prosthetic opening and closing 
ds or a diastolic murmur across mitral or tricus- 
prostheses. 
Splenomegaly occurred in about two thirds of the 
tients described by Amoury et al? and by Dis- 
es et al.° and has been a relatively common find- 
in our experience." When present in a febrile pa- 
yt with a valve prosthesis, it is strong evidence of 
docarditis. In the early postoperative period sple- 
omegaly and fever are components of the febrile 
_ lymphocytic splenomegaly syndrome, which can be 
fferentiated from infectious endocarditis by the 
“presence. of abnormal lymphocytes in the peripheral 
blood. 19 Systemic arterial embolization from mycotic 
r thrombotic material on the prosthesis is relatively 
D ommon and may be the presenting symptom in in- 
. fectious prosthetic valve endocarditis.?-1^ A systemic 
embolic episode should always suggest the possible 
presence of endocarditis particularly in patients with 
‘the current cloth-covered prostheses, who rarely ex- 
perience embolization if they are receiving anticoagu- 
lan! therapy. 
mia and leukocytosis are frequently present 
e diffi cult to evaluste in the immediate postop- 
rative period because of their common occurrence in 
he absence of infectious endocarditis. Goodman et 
39 demonstrated a significantly higher percentage 
f juvenile neutrophils in patients with infection. In 
ients with infectious endocarditis *of late onset, 
he presence of anemia or leukocytosis, or both, is 
ancillary evidence but does not specifically 
ate prosthetic involvement. 
lood. Cuhures endocarditis vs. bacteremia: 



















gases. appear sporadic i 





n as presumptive evidence ` 





ga 
of prosthetic valve endocarditis.25-74 In the series of A 


Amoury and co-workers,? blood samples \ were drawn P 
two or three times a day for 3 consecutive days and m 
the organism was generally isolated from the first set 
of specimens drawn. Five patients required an addi- . 
tional two to seven blood cultures before growth was 
obtained, and negative cultures were consistently 
found in patients with endocarditis within the right " 
ventricle. On rare occasions, we have obtained posi- 
tive cultures by sampling from the pulmonary artery 
or a systemic artery when venous samples were con- | 
sistently negative. Infectious endocarditis is unlikely 
if at least six sterile blood cultures are obtained after |. 
incubation in aerobic and anaerobic media for 3 
weeks.? n! 
In the usual situation, positive blood cultures ie ho 
obtained without difficulty, the clinical findings are 
consistent with infectious endocarditis and treatment __ 
can be initiated promptly. Two dilemmas may occur. 
In the first, positive blood cultures are obtained dur- < 
ing the early postoperative period in a patient who — 
has other obvious sources of infection and it must be 
determined whether septicemia or infectious endo- | 
carditis is the cause. To better differentiate the two 
conditions, Sande et al?! studied 24 patients with ^. 
sustained bacteremia after prosthetic valve implanta- 
tion, 11 with infectious endocarditis and 13 with bac- 
teremia but without apparent endocarditis. They 
found that positive blood cultures due to endocardi- 
tis developed 25 or more days after operation, in- 
volved gram-positive organisms without obvious. 
sources of bacteremia and were accompanied by new 
or changing heart murmurs. The group without: 
proved valve infection manifested bacteremia with — 
gram-negative bacilli earlier, had obvious potential 
sources of bacteremia and had no changes in heart 
murmurs. On the basis of these findings, Sandeetal  . 
recommend only short-term. antibiotic. therapy for 
patients with gram-negative bacteremia and no valve ` 
dysfunction in the early postoperative period. Oth- 
ers?$2? have pointed out that such criteria are help- mew 
ful, but in a disease process with the dismal prognosis | 
of infectious endocarditis of early onset a longer and — 
more vigorous course of therapy i isto be preferred. =. 
A less common dilemma is presented by the pa- 
tient with a cardiac valve prosthesis who is febrile = 
with clinical findings consistent with infectious endo- . 
carditis but in whom positive blood cultures cannot 
be obtained on repeated attempts. In this case, per- 
sistent or recurrent fever and the presence of at least 
two other criteria for bacterial endocarditis such as a 
new regurgitant murmur, splenomegaly or peripheral 
emboli are sufficient for a presumptive diagnosis of 
prosthetic valve endocarditis and initiation oth treat- 
ment.” $ ; Su. 
































Treatment : p 
Although prosthetic valve endocarditis i 
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mended Antimicrobial Therapy for Prosthetic Valve Endocarditis - E 


Antibiotic Therapy 





Organism Recommended 
ptococcus viridans 

* (susceptible to 0.3 pg/ml 

“of penicillin G) : or 


Crystalline penicillin G, 1 million units every 


4 hours intravenously 


Streptococcus viridans 
or enterococcus daily intravenously 
(susceptible to 20.3 ug/ plus 
mi of penicillin G} 

+ intramuscularly 


Staphylococcus aureus 
r epidermidis 
(susceptible to 0.6 
g/ml of penicillin G) 


daily intravenously 


taphylococcus aureus or 
“epidermidis 
isceptible to 20.6 
g/ml of penicillin G) 


hours intravenously 


Procaine penicillin G, 1.2 million units 
every 6 hours intramuscularly 


Crystalline penicillin G, 20 million units 


Crystalline penicillin G, 20 million units 


Alternate 


Cephalothin, 1.g every 4 hours intravenously 
or = 
Vancomycin, 0.5 g every 6 hours 
intravenously 


Ampicillin, 2 g every 4 hours intravenously 
plus END 
Gentamycin, 5 mg/kg daily intramuscularly 


Streptomycin, 0.5 g every 12 hours or 


Vancomycin, 0.5 g every 6 hours 
intravenously 


Cephalothin, 2 g every 3 to 4 hours 
intravenously : 
or 3 
Vancomycin 1 g every 6 hours intravenously 


Nafcillin or oxacillin, 2-3 g every 3 to 4 


Guided by antibiotic susceptibility tests; 
bactericidal antibiotic agents preferred 


; egative blood cultures 


intravenously 
plus 


Cephalothin, 2 g every 6 hours 


Crystalline penicillin G, 20 million units 


daily intravenously 
plus 


Streptomycin, 0.5 g every 12 hours 


intramuscularly 


* Followed by suppressive therapy with cloxacillin 0.25 g every 6 hours orally, for 6 to 12 months. 


Adapted from Slaughter et als 


sufficient experience with the problem to develop 
standard regimens of therapy. For this reason, the 
xperience during the past 12 years at the University 
f Oregon Medical School was recently reviewed by 
Slaughter et al.,° and a systematic approach to the 
therapy of infected prosthetic cardiac valves was pro- 
posed. 
. Antibiotic therapy: Antimicrobial agents are se- 
lected on the basis of susceptibility of organisms iso- 
lated from blood cultures, preferably by the tube- 
dilution technique. Bactericidal drugs that will pene- 
trate vegetations are ‘used whenever possible. Sug- 
ested regimens for the common organisms causing 
osthetic valve endocarditis are listed in Table II. 


a history of penicillin allergy and alternate an 
agents should be substituted only if severe | 
sitivity reactions result, since the threat of i 
endocarditis is much greater than the th 
most allergic reactions. 3. PERS 
The serum bactericidal levels should 
mined on the 3rd day after initiation of t! 
intermittently thereafter. Blood specimens. 
30 minutes before an antibiotic dose, presui 
low point of blood concentration of the ai 
agent. The therapeutic aim is for a minimal 
dal titer of 1.8. Medical therapy is continue 
6 weeks depending on the clinical findin 
ganism involved and laboratory results. _ 
Reoperation: Treatment of prosthetic v 
carditis was successful with antibiotic thera 
in about 30 percent of the patients in t 
large series.597 Failure of medical manage 
indicated by: (1) uncontrolled infection, (2) 









































otic therapy. During the last 6 years, there have 
increasing reports®®3.15-17.23,24 of surgical inter- 
tion when these problems have developed. Re- 
ts have been encouraging; although mortality rates 
re still high, these are patients who almost certainly 
ould not survive with continued antibiotic treat- 
ment alone. Slaughter et al.> reported survival of 5 of 
.9 patients and Dismukes et al.9 survival of 6 of 11 
tients who underwent surgery after failure of medi- 
cal management. Others?!5!72324 have had lower 
val rates, attributed in part to delay in under- 
g reoperation. Failure of medical therapy should 
dentified promptly and reoperation considered 
houj delay, particularly in patients with endocar- 
early after operation. Hesitation will commonly 
ad to progressive cardiac deterioration and increas- 
orbidity and mortality. 
)g-term suppressive antibiotic therapy: 
er successful treatment of prosthetic valve endo- 
tis, long-term suppressive therapy has been ad- 
ed by many and was uniformly recommended at 
istitution in the past. It was believed necessary 
ise of the continued presence of the prosthetic 
1 the heart and uncertainty whether the infec- 
as eradicated or simply suppressed by antibiot- 
erapy. However, review of our follow-up experi- 
isclosed that patients who were discharged 
orally administered antimicrobial agents com- 
only were instructed by their private physician to 
op treatment. The duration of survival in 12 pa- 
ents who received no suppressive therapy averaged 
1onths compared with 20 months for 7 patients 
ceiving continuous suppressive therapy.5 The effec- 
veness of long-term suppressive antimicrobial ther- 
apy after prosthetic valve endocarditis remains un- 
rtain. We currently recommend limited, extended 
therapy after staphylococcal infections with cloxacil- 
lin, 0.25 g every 6 hours, for 6 to 12 months, because 
f potential intracellular persistence and abscess for- 
* mation. 


Prophylaxis 

he importance of prevention is obvious in a dis- 
ease as potentially catastrophic and difficult to treat 
sthetic valve endocarditis. Vigorous efforts to 
d contamination of the prosthesis at the time of 
operation and during subsequent procedures likely to 
produce bacteremia can result in substantial reduc- 

ions in the incidence of endocarditis. 
Perioperative and postoperative: Prophylactic 
tibiotic coverage during valve replacement and in 
rly postoperative period is almost. universally 
12923 although there have been no random- 
Hed studies demonstrating a beneficial 
herapy. Herr et al.! reported that 
extensive program of prophy- 
imistration ‘of methicillin for a 
























ffect 





. of endocarditis when no p 





w eks postoperatively, none of 239, 





ndocarditis. — 
dencerate 
di yis antibiotic ^ 
agents were used decreased to 1.2 percent with pro- = 
phylactic administration of penicillin and streptomy- - , 
cin and was reduced to zero with the addition of 
methicillin for 1 week postoperatively. Amoury et al.?. 
and Stein et al.'* concluded that there was substan- © 
tial evidence that prophylactic use of antibiotic < 
agents is effective during the operative and postoper-. T 
ative period. The latter group observed a decrease. 
from 3.7 to 0.2 percent in the incidence rate of fatal — 
bacterial endocarditis. 4 E 

Results of two attempts to provide controlled stud- - 5 
ies of the benefits of antibiotic prophylaxis have been .. 
inconclusive. Goodman et al.?? initiated a prospective 
double-blind study comparing the use of placebo, 
penicillin plus streptomycin, and oxacillin, but termi- 
nated the placebo prophylaxis after two patients in — 
that group died from pneumococcal endocarditis. In. 
a recent study by Conte et al.2° comparing use ofa : 
single intraoperative dose of cephalothin and multi- ^ 
ple doses through the first 4 postoperative days there _ 
was only one episode of endocarditis in 64 patients, = 
thus precluding a decision regarding relative effi- 
cacies of the two regimens. Both groups of investiga: 
tors believed that there was a risk that multiple dose, 
prolonged antibiotic therapy would predispose pa- 
tients to other infections caused by resistant or- 
ganisms. ga 

Perioperative antimicrobial prophylaxis is not in- 
tended to provide an "umbrella" shield. against a. 
wide spectrum of organisms and should be aimed 
specifically at the organisms causing the majority of. c 
early cases of prosthetic endocarditis, Staphylococcus — 
aureus and epidermidis.?^943 Selection of drugs for = 
chemoprophylaxis should be determined by the bac- © 
terial susceptibility patterns prevalent locally. In Ouf s 
hospitals isolates of Staphylococcus epidermidis cur- 
rently show a high incidence rate of susceptibility to 
cephalothin (97 percent), which is our agent of ^. 
choice.? Patients receive cephalothin, 1 gintramuscu- | 
larly the night before and morning of operation, then 
1 g intravenously every 6 hours until they are eating, | 
and thereafter cephalexin, 500 mg every 6 hours oral- 
ly until the skin sutures are removed. 

Control of potential sources of infection: Ef- . ; 
forts to prevent seeding the prosthesis with bacteria . 
during and after operation are as important as antibi- ` 
otic prophylaxis. Rigid monitoring of operating room 
technique, including regular cultures from equipme 
and surgical masks of personnel, helps to identify — 
breaks in sterility or staphylococcal. carriers.L26 






































lecommendations for Prophylactic Antimicrobial Therapy : 
"Procedure Anticipated Organism ` 


Streptococcus viridans 


Streptococcus fecalis 


Staphylococcus aureus 
or epidermidis 


ted from Slaughter et al.5 


| the dental disease or infections have been treat- 
dequately, since the chance of infection appears 
"be considerably less with an abnormal natural 
ve than with a prosthesis.?.141^ 
Prophylaxis of late endocarditis: Adequate cov- 
erage with antibiotic prophylaxis during procedures 
or illnesses with a potential for bacteremia is impera- 
ive for the prevention of late prosthetic valve endo- 
carditis, This is generally recognized for dental and 
genitourinary procedures, in which a high incidence 
rate of bacteremia has been demonstrated, but 
ould also include minor skin surgery or any opera- 
ion through a contaminated field (Table III.9!! In 
dition, any infection in a patient with a prosthetic 
Ive should receive prompt and vigorous treatment 
uding appropriate antibiotic coverage. The selec- 
n of drugs should be individualized on the basis of 
the expected bacterial flora or culture material from 
the patient. Prosthetic valve endocarditis has been 
reported in patients undergoing procedures despite 


administration of usually recommended prophylactic . 


tibiotic agents. This emphasizes the importance of 
eating preexisting dental or genitourinary disease 
before valve implantation and has prompted sugges- 
ns that higher than usual antibiotic dose levels be 

n for prophylaxis in patients with a prosthesis. 
ectious prosthetic valve endocarditis remains a 


ening and challenging complication. The. im: 
nce of prophylactic measures to avoid infection | 
pap ici When endocarditis ms 





Antimicrobial Coverage 





Procaine penicillin-G, 600,000 units 
intramuscularly 1. hour before procedure. E 
and daily for 2 more days 

or 3 

Penicillin V, 400,000 units every 6 hours orally ^. 
for 3 days E 

or 

Erythromycin, 250 mg every 6 hours orally 
for 3 days SE 

or : 

Clindamycin, 150 mg every 6 hours orally 

for 3 days 


Procaine penicillin G, 1.2 million units every 8. a 
hours intramuscularly 
plus 
Streptomycin, 0.5 g every 12 hours 
intramuscularly. Begin 1 hour before 
procedure, continue for 72 hours 


Cephalexin, 500 mg orally 1 hour before 
procedure then 250 mg every 6 hours for 72 
hours 


medical treatment in conjunction with a g 
surgical intervention when indicated can be eu 
in many patients. 


Postperfusion and Postpericardiotomy S 


Two relatively common and relatively beni 
dromes associated with fever have been des 
after cardiac surgery, the postperfusion and pos 
cardiotomy syndromes. Their recognition is 
tant because of the justifiable concern thai 
the postoperative period may represent p 
valve endocarditis or septicemia. 


Postperfusion Syndrome 


The postperfusion syndrome was: first des 
a triad of fever, splenomegaly and atypical I 
tosis by Kreel et al.2” in 1960. Battle and 
had previously reported atypical lymphocyt 
blood of patients after open heart surgery in: 
the next few years a number of descriptions 
syndrome appeared, indicating that it occurs. 
10 percent of patients undergoing cardiop m 
bypass.19.29-33 

Clinical features: The onset occurs I 
after operation, most commonly. in the 3 
week. Fever usually appears first, followed t 
megaly in about 1 week and the appearance 
cal lymphocytes | after another 1 or 2 we 
tients are never very ill and commonly feel 
The eerie prenne more Tes i 








ai Findings in Postperfusion Syndrome — 


.  Onset 

Er Acl Patients (days after 

= Reference > (no.) operation) 
: Wheeler et al.” 6 19-48 
«Seaman and Starr? Hu 8-42 
p "d 3 Mpa 
14 21-49 
9 21-55 
e 21 14-37 
"no; (total group) 64 8-55 


4/7196 (total group) EE m 














Number of Cases 





Spleno- Hepato- Atypical Lympho- _-Leuko- . 
Fever megaly megaly Lymphocytes. -  cytosis cytosis ae 
4 6 3 6 6. bere 
ll 7 — il 1i 2 
3 3 3 3 3 PNE 
14 12 9 6 11 Fe 
9 1 9 9 2^ 
12 4 18 16 2 
60 49 20 53 56 1 
94 77 3l 83 88 17 l 






























ve always received substantial amounts of fresh 
ually with cardiopulmonary bypass but oc- 
y without. 

complete triad of findings is present in the 
‘ity of patients recognized as having the syn- 
€ (Table IV). Fever occurs in virtually all, usual- 
ter the temperature has returned to normal fol- 
‘febrile period immediately after operation. 
ristically, the temperature is normal or near 
ach morning and rises to a late afternoon 
100? to 103? F.1? Splenomegaly is recognized 
m e than three fourths of patients but is never 
ed. Atypical lymphocytes with fenestrated, ec- 
or indented nuclei, perinuclear pallor and 
cytoid cytoplasm eventually comprise 3 to 60 
A : of the lymphocytes in the peripheral 


patomegaly is present in about one fourth of the 
ts with this syndrome, and results of liver func- 
tests, particularly values for serum glutamic ox- 
oacetic transaminase, lactic dehydrogenase and 
romsulfalein retention, are abnormal in about one 
half.?* Skin rash, pharyngitis and lymphadenopathy 
seldom occur. 
In addition to the appearance of atypical lympho- 
ytes in the peripheral blood there is usually a lym- 
hocytosis. comprising 40 to 90 percent of leukocytes. 
he total leukocyte count is characteristically nor- 

, and an absolute neutropenia is common. Anemia 
not a characteristic feature of this syndrome.!9:3!,34 
fultiple blood cultures in many patients with the 
mdrome have uniformly been negative. 
itielogy: The similarity of the clinical findings to 
hose of infectious mononucleosis and the presence of 
ical “viral” lymphocytes immediately suggested 
Sta pa origin for oe postperfusion syn- 
















lutination. titers in patients with 
heir blood. donors, as well as the 
clin 












ee 


lymphadenopathy. e 
Kaariainen et al? 






ment-fixing antibodies to the cytomegalovirus in pa- 
tients with the postperfusion syndrome. A year ear- ^ 
lier the same workers?? had reported similar in- _ 
creases in cytomegaloviral antibodies in patients with ^^ 
a disease resembling infectious mononucleosis but 
without pharyngitis, lymphadenopathy or a positive 
heterophil agglutination test, that is, findings very ^. 
similar to those of the postperfusion syndrome.  . 
Subsequently numerous reports?6-*! have implicated |. 
the cytomegalovirus in the postperfusion syndrome. 
Although a direct causative role has not been demon- 
stated, the current hypothesis is that the postperfu- 
sion syndrome represents a cytomegaloviral infection 
transmitted in fresh transfused blood. Walsh et al. 
and Kirsh et al.4° have recently suggested that 
EP virus may also be implicated in some patients. 
‘Treatment: The clinical course of the postperfu- | 
sion syndrome is benign and the findings disappear _ 
in roughly the order of their appearance without spe- . 
cific treatment. Fever gradually subsides in 1 to 4 
weeks and is rarely associated with malaise, anorexia 
or toxicity after the first few days. Splenomegaly and 
atypical lymphocytes may disappear with the fever 
but commonly persist for several months. ; 








Postpericardiotomy Syndrome 


The syndrome of fever and pleuropericarditis after. . 
cardiac surgery was first recognized by Janton and |. 
Soloff and their co-workers **? in the early 1950's. Tt, 
was initially called the “postcommissurotomy syn- . 
drome" because it appeared to occur only after mitral 2 
valve procedures, and was thought to represent reac- 
tivation of rheumatic fever. Ito et al.,4° describing th 
same syndrome after surgery for nonrheumatic heart 
disease in 1958, found that the only common feature _ 
was wide incision of the pericardium and suggested 
the term “postpericardiotomy syndrome. Since then 
the syndrome has been reported in a variety of condi- -s 
tions producing pericardial inflammation, including | : 
penetrating wounds,. blunt. chest trauma and myocar- ; 
dial infarction. Vue EL ur 



































alter operation. 44,50-52 ? The incidence: rate, as high as 
0 percent in early reports, 4446505! has tecently been 
onsiderably lower.5253 However, this reduction may 
jflect a shorter postoperative observation period or 
cter criteria since Roses et al.?? found a 27 percent 
idence rate of unexplained fever in addition to a 6 
ercent rate of occurrence of the complete syndrome, 
nd Engle et a1.5* have continued to observe a 30 per- 
cent incidence rate. There is no apparent predilection 
based on age, sex or cause of heart disease. 

.» Fever and chest pain are the principal symptoms. 
Fever usually appears first and is low grade, the tem- 
perature seldom more than 103° F5°-52; it may merge 
ith the early postoperative febrile period but is 
re commonly a secondary fever. Typical pericardi- 
ain occurs: sharp or knifelike, precordial or sub- 
ternal, aggravated by recumbency and deep breath- 
g and relieved by sitting upright. When pleural in- 
volvement also occurs, there may be associated pleu- 
tic pain at the sides of the chest. A pleuropericar- 
dial friction rub is probably present in most cases at 
ome time, but is typically fleeting.99-95? Other symp- 
toms such as fatigue, cough, myalgia or arthralgia are 

frequent. 4451-54 

Laboratory findings are nonspecific and consistent 
h an inflammatory process. A neutrophilic leuko- 
is with 10,000 to 30,000 mm? white blood cells is 
sent, and the erythrocyte sedimentation rate is el- 
ted. Serum glutamic oxaloacetic transaminase 
alues are normal, but those for lactic dehydrogenase 
yay be elevated and results of the C-reactive protein 
‘test are often positive. There is no anemia related to 
‘the syndrome, and cultures of blood, throat, sputum 
and urine are negative?! The electrocardiogram 
. shows a changing pattern of S-T segment elevation 
|. and T wave inversion characteristic of pericarditis. 
The cardiac silhouette may be enlarged on the chest 
X-ray film because of pericardial effusion, and pleu- 
al effusions may be visualized. Echocardiography 
‘may be useful for documenting the presence of a 
ericardial effusion and for excluding cardiac dilata- 
ion, but cardiac catheterization or angiography for 
this purpose is seldom necessary. 

Etiology: The initial episode persisted for less 
han 2 weeks in half of the patients described by 
ingle and Ito®! and for less than 1 month in most of 
the others. Pain subsides and the temperature and 
‘white blood count return to normal initially; later, 
abnormalities in the electrocardiogram and chest 

< X-ray film disappear. Recurrences are not uncom- 
.. mon and may be multiple.**595? There are no long- 
= o term sequelae, and neither chronic adhesive nor con- 
tstrictive pericarditis has been observed.*59-? In- 
reasing evidence has accumulated that the syn- 
rome represents an immunologic response to dam- 
ged autologous tissue within the. pericardium, as 
ggested initially by Ito et al.4° and Engle and Ito.>! 
production of antibodies to heart tissue has been 
nstrated by passive agglutination, indirect im- 



























































ed red cell hemagglutination techniques 
with: the syndrome.55-59 ‘Recently P e 





tepara a close tórtelation. of Apart rentlive ant 


aortic position.8!-9? In patients with multi 
replacement, the incidence of he 
- that of aortic valve replacement. 


fluorescence, antiglobulin consumption — and. 












bodies with the clinical syndrome in a prospi 
double-blind study. However, the precise role 
antibody in the pathogenesis of the syndrome 
mains undefined. 4454.58,59 
Management: The syndrome is self-limited 
treatment is primarily symptomatic. Fever and € 
pain will be adequately controlled in most patie 
with rest and administration of salicylates. C 
steroids are very effective and control sym 
promptly in those who do not respond t 
lates.44 Antibiotic drugs are not helpful. Peric 
centesis may be necessary if signs of tamponad 
velop.5154 
Recognition of the postperfusion and postpe 
diotomy syndromes in the febrile postoperativ 
tient is important to avoid prolonged investi, 
for an unwarranted treatment for bacterial e 
ditis.3475.1826 The postperfusion syndrome 
specifically identified by the peripheral lym 
tosis and atypical lymphocytes and the post] 
diotomy syndrome by the presence of perica 
pain. Differentiation of both syndromes from 
carditis is aided by their less toxic course and 
sence of high, spiking fever, anemia, petechi. 
peripheral embolization. However, if there is 
doubt as to the cause of postoperative Ioue bl 





























































valve endocarditis. 


Hemolytic Anemia 


Intravascular hemolysis is a well recognized ci co 
quence of heart valve replacement and occurs | 
majority of patients with a valve prosthes 
blood cell survival studies have consistently sho: 
shortened red cell half-life in patients with artifi 
valves.°°-64 Accelerated erythropoiesis compens 
for the increased red cell destruction in many 
and the only manifestation is laboratory ev 
hemolysis by more sensitive studies. However, 
et al.®* reported below normal hematocri 
50 percent of their patients, and William: 
found hematocrit values of 35 percent. or le 
third of patients with a Beall mitral valve pro: 
Clinically important hemolytic anemia deve 
small number of patients and may become so 
as to require vigorous iron replacement t 
blood transfusion or consideration of reo 
The incidence rate of clinically. significant an 
has ranged from 5 to 15 percent for different pro: 
tic valves, with a rate of less than 10 perce! 
most 93-68 

Hemolytic disease has been reported with a 
commonly used prosthetic valves, includi 
Edwards, Magovern, Beall; Cutter-Smeloff . 
Shiley prostheses.®°-7° Hemolysis is more 
and more severe after aortic valve replacem 
after mitral valve replacement, probably be 
the greater pressure and velocity of blood 













ood cells is the primary cause of hemolytic disease 
patients with prosthetic heart valves. The mecha- 
‘nism is thought by mos: to be turbulence of blood 
flow through the prosthesis with resulting excessive 
hearing forces on the red blood cells.50646671 Fac. 
s causing increased turbulence have been associ- 
ted with a greater incidence or aggravation of he- 
molysis. ` ‘The most notable example has been the 
triking association of hemolytic anemia with 
araprosthetic valve regurgitation, presumably due 
increased trauma to red cells passing through the 
mall, slit-like defect in the suture line.®°.62.66-68 pg. 
ith high transvalvular pressure gradients and 
th small valve prostheses likely to result in 
Ssure gradients have a greater incidence of 
ytic disease.566769:2 Increased physical activi- 
a resulting. increase in cardiac output and 
lood flow across the prosthesis has also been 
iated clinically with increased hemolysis, and 
studies have shown laboratory evidence of ac- 
ch hemolysis during periods of acute exer- 
















































The influence of different prosthetic materials on 
blood cell destruction and particularly the appar- 
greater incidence of hemolysis i in patients with 
th-covered prosthesis is less clear. Myhre et al.72 
d a substantially higher level of hemolysis in pa- 
with Starr-Edwards model 2300 aortic valve 
heses than in patients with earlier models and 
buted this to the metallic ball and cloth covering 
the cage. Others have related increased hemolysis 
| this. prosthesis to unsatisfactory hemodynamics 
h excessive pressure gradients resulting in more 
bulent flow.57^5? Hodam et al.99 found hemolysis 
be only slightly greater in cloth-covered Starr- 
"Edwards aortic valve prostheses than in earlier non- 
: cloth-covered models with similar gradients. Bon- 
hek and Starr/? recently reviewed an extensive ex- 
‘perience with different models of cloth-covered 
Starr-Edwards. prostheses with various prosthetic 
aterial components and. hemodynamic characteris- 
cs. They concluded that. hemolysis is greater in the 
itial cloth-covered prostheses but reduced in the 
5 irrent cloth- covered “track” valve (model 2400) to 
els seen with noncloth-covered prostheses, appar- 
ntly as a result of the tex:ure and type of cloth used. 

o. utory factors: Several contributory fac- 
rs may accelerate hemolysis and aggravate the 
ro em of hemolytic anemia. With increased eryth- 








avascular cum and hemoglobin break- 
tantial ‘amounts of iron may be lost in the 


ne, hus aggravating the problem of iron deficien- 
6263.7677 














ic Mechanical £ trauma E ui the bone marrow to produce red cells as rapidly as x 


EE ach requires in- ut 
folate r PeRciengy has been de- etals 






consequen .ina 





they are destroyed.6366.67 Chronic infection may in- 
hibit erythropoiesis and permit the rate of hemolysis - 

to exceed bone marrow production of red cells. Hem- .— 
orrhage, sometimes related to anticoagulant therapy, : 

may further increase the need for red cell: production jt 
beyond bone marrow capacity. Finally, anemia itself a 
may accelerate the rate of hemolysis as a result of- 

both decreased blood viscosity and increased cardiac _ 
output, which increase turbulence of flow THFSUEA cu 
the valve prosthesis. ; 





Diagnosis 


Diagnostic studies may be directed toward one of 
four goals: demonstration of the presence of anemia, = 
determination of the presence and severity of hemol- 
ysis, evaluation of deficiency states secondary to iron. 
loss or accelerated hemotopoiesis, and consideration: 2 
of factors contributing to increased hemolysis, partic- . 
ularly dysfunction of the prosthesis. The presence or 
&bsence of anemia can be established readily by a 
hematocrit or hemoglobin determination. However, 
the absence of anemia does not exclude the presence 
of significant hemolysis, since accelerated hemato- . 
poiesis may compensate for increased red cell de- d 
struction for a considerable period of time. Clinical ^. 
anemia and iron or folate deficiency will eventually mE 
develop if hemolysis is substantial, and these. pro 
lems can be more effectively prevented than treated 

Red cell survival studies using chromium- 
tagged erythrocytes are the most direct method of 
quantitating increased red cell destruction, but the 
are expensive and time-consuming. Walsh et al.93 and 
Myhre et al7? recently demonstrated an excellent. i 
relation between serum lactic dehydrogenase (LDH) 
levels and red cell survival in patients with hemolytic - 
anemia, thereby providing a simple and sensitive: 
screening test for intravascular hemolysis. Myhre et —' 
317? reported LDH levels two and one half times |. 
greater than normal values in patients with a red cell _ : 
half-life of 16 days or less, with exponentially higher um cm 
LDH values as cell destruction became more severe. _ 
They attributed this to higher LDH levels in young. 
erythrocytes, which are proportionately more abun- SESS 
dant in severe hemolytic disease. gs 

The reticulocyte count is elevated in patients with . 
hemolytic disease and is a nonspecific but fairly accu- 
rate indicator of the severity of the problem. Eyster (s 
et al.64 found that the number of schistocytes in the i 
peripheral blood of patients with artificial heart 
valves also is directly related to the severity of he- © 
molysis. Fragmented cells were more frequent in pa- 
tients with higher levels of cell destruction and corre- 
lated well with reticulocyte counts and LDH levels. — 

Serum haptoglobin: Free hemoglobin: resulting us 
from intravascular pemalisis binds piy to plasma uu 




























in levels a good index of intravascular hemoly- 


useful as a screening test. Serum haptoglobin 


ted rapidly by brisk hemolysis, and the ab- - 


of haptoglobin simply indicates significant he- 
without being quantitative. The presence of 
albumin usually indicates brisk hemolysis 

is associated with a short red cell survival time.95 
ster et al5* have proposed a hematologic classifi- 
tion of the severity of hemolytic disease in patients 
with prosthetic valves to be used as a guide in man- 


As indicated previously, serum iron and folic acid 
may be depleted by the accelerated erythropoietic re- 
onse to hemolytic anemia and should be evaluated 
any patient with clinical anemia. In addition, 
sh and co-workers9?76 have found urinary iron 
rminations useful in estimating iron losses as a 
uide to therapy. This is usually present as hemosid- 
n in chronic low grade hemolysis, but may occur as 
emoglobin in patients with rapid cell destruction 
hat exceeds the haptoglobin binding capability.“ 
alve dysfunction: In any patient with a pros- 
iċ heart valve and hemolytic anemia, the possibil- 
dysfunction of the prosthesis must be consid- 
. Paraprosthetic valve regurgitation is the most 
mon cause and can often be detected clinically 
has been reported without a characteristic regur- 
nt murmur, particularly in the mitral prosthe- 
Similarly, the possibility of an excessively high 
lvular pressure gradient may be difficult to 
e clinically. This problem occurs more fre- 
tly with certain models of prostheses, but may 
lop on an individual basis in some patients as a 
«of thrombus formation with impairment of 
ypet motion or compromise of the orifice.9465.67,72 
Hemodynamic and angiographic studies are often 
assary to evaluate function of the prosthesis in 
tients with serious or refractory hemolysis.® 
itment 
edical treatment is effective in the majority of 
nts with hemolytic disease caused by prosthetic 
es. Oral iron therapy i is. indicated in those with 
ence of significant iron loss even in the absence 
anemia. Walsh et al.®? have recommended iron re- 
placement in those whose urinary iron excretion is 
eater than 4 mg/day, and Eyster et al94 suggest 
ron therapy if hemosiderin is present in the urine. In 
_ this way, serious iron depletion and anemia may be 
.. prevented. Vigorous oral iron replacement i is success- 
ful in treating most patients with iron deficiency ane- 
6 In a few cases urinary iron loss may exceed the 
sorptive capacity of the gastrointestinal tract and 
parenteral iron replacement may be necessary.9?64 
mmonly, blood transfusion may be necessary to 


t refractory anemia, after which oral iron ther- - 
ficient to maintain a satisfactory hematocrit 
henever anemia is refractory to vigorous iron — 
, the possibility of folate deficiency should be E 


red and treated if found to be present. 
itation of physical act ivity is probably 


TABLE V : 


-Severity of Hemolysis with Prosthetic Valve 





Hemolysis 


Mild Moderate Severe 





Present. 
Absent 


Present 
Absent 


Hemosiderinuria 
Hemoglobinuria 


Schistocytosis «196 195 
Reticulocytosis <5% >5% 

Decreased Absent se 
«500 units >50 units. 25500 un 


Haptoglobins 
Lactic dehydrogenase 





Adapted from Eyster et al.5! : 
= less than; > = greater than; > = much greater than 


helpful in decreasing intravascular hemolysis.9*: 66, 
The addition of propranolol to restriction of. activi 
has been suggested by Santinga and Kirsh®’ in 
tients with borderline control of anemia. Ste 
therapy has usually not been helpful.66.67 i 
Reoperation primarily for refractory hemol 
anemia due to leak or dysfunction of the prosth 
seldom necessary.946567.6875 When corrective sur, 
has been carried out, it has not consistently bee 
cessful in controlling the hemolytic process.9668 


Thrombosis and Embolism 


Thromboembolic complications have been a 
tinuing and distressing problem of prosthetic 
valves. Although many patients experience only 
sient or mild disability, the incidence of sev 
fatal systemic embolization or prosthetic valvi 
function remains substantial despite anticoagul 
therapy and refinements in valve design.!69.50-86 

The incidence of thromboembolic complicat 
and the evolution of valve design changes dire 
toward preventing these problems are discusse 
detail in an earlier section of this Symposium.’ 
diagnosis and management will be discussed i 
section. 


Diagnosis 


The term thromboembolism has generally | 
used to include both fibrin deposition or neoint 
formation on the prosthesis and subsequent sys 
embolization of the material. As a pathogeneti 
cept this is reasonable since the two processes 
intimately related. However, from a diagnostic a 
therapeutic viewpoint the two are quite di 
Detection of thrombus on a prosthesis depen 
marily on the presence and demonstration of 
degree of prosthetic valve dysfunction due t 
paired poppet motion or decreased area of the 
orifice. This can be accomplished with reasonabl 
curacy by methods outlined later in patients 
prosthetic valve dysfunction is suspected. M 
quently the patient presents after a clinically 


Systemic. embolic episode and evaluation is re 


determine if there is residual thrombotic - 
| the prosthesis: ni our experience, studies 














































most of the material previously on the valve 
has embolized. This is particularly pertinent when 

nsidering cardiac catheterization studies, with 
which we have usually been unable to demonstrate 
modynamic abnormalities involving the prosthesis 
atients with recent systemic embolization unless 
there are other clinical findings pointing to prosthesis 











;cultation and phonocardiography: Abnor- 
auscultatory findings are often present in pros- 
valve thrombosis. These should be looked for 
fully in patients with symptoms suggesting dys- 
nction of the prosthesis (recurrence of heart failure 
d syncope, for example) but may be discovered on 
utine examination in patients apparently doing 
ll. Common findings include variations in intensi- 
iminution or loss of prosthetic valve opening 
due to thrombus on the valve struts, new 
s of valve regurgitation due to incomplete 
z of the poppet or murmurs of mitral or tricus- 
osis.8788 The latter can occur as a result of a 
rosthesis or as an Austin Flint murmur with 
regurgitation?? but most commonly indicate a 
otic prosthesis. Similar auscultatory abnormali- 
ay be observed with aortic or mitral ball or disc 
ance, but these are also potentially lethal compli- 
s and cause for further evaluation.87-90,91 
ynocardiography is helpful in establishing con- 
ata for individual patients and in documenting 
ions. in prosthetic valve sounds or mur- 
79293 In addition, the timing of opening and 
sounds of normally functioning prostheses 
een well described, and alterations in these may 
elpful in assessing function. 9495 An abnormally 
tral opening sound has been associated with 
red poppet motion due to thrombus, and an un- 
sually early opening scund related to a stenosed mi- 
al orifíce.96-95 

hocardiography: This is a promising technique 
r evaluating prosthetic valve function or even di- 
rectly demonstrating the presence of thrombus non- 
invasively. ‘Mitral disc prostheses appear to be most 
uitable for ultrasonic evaluation, and there have 
been several reports of abnormal disc motion detect- 
' echocardiography with subsequent surgical 
ation. of prosthetic valve dysfunction due to 
mbus.?9-10? Variations of abnormal motion have 
d decreased excursion of the entire disc and 
e opening of one margin with “cocking.” 
by echocardiography of mitral ball valve 
"tion due to thrombus has also been reported, 
layed ball opening, incomplete opening or 
cking and. a decreased diastolic opening slope. 93,91 














Bee Compañon of echocardiographic 
: mong. patients, and serial studies beginning 
tive control pend are recom- 


` strate theombus on. dh base of a mitral 









valve pros- 
thesis, which was subsequently verified at operation. 
Evaluation of aortic valve prostheses is much more 
limited because of technical. difficulties in recording 
satisfactory echocardiograms.19? Zu 
Cardiac fluoroscopy: This procedure is frequent: 
ly helpful in demonstrating impaired. poppet motion- 
in prostheses with poppets of radiopaque materials. 
Incomplete opening or sticking of ball valves and 
“cocking” of discs is dramatically apparent and can 
be recorded on cine film for later analysis. Unfort 
nately, these findings are limited to prosthetic valve 
dysfunction due to thrombus on the struts or extend- 
ing upward appreciably from the base. Poppet mo- __ 
tion may appear normal in patients with severe ste- 
nosis of a prosthesis caused by thrombus occluding Uds 
the valve orifice. id 
Cardiac catheterization and angiography: ee 
These techniques may be unnecessary when patients 
have clear clinical evidence of prosthetic valve dys- 
function and there are strong supporting data from 
the studies described. This situation is most likely to — : 
occur when the need for reoperation appears urgent, - 
as in obstruction of a tricuspid prosthesis when fluo- .. 
roscopic studies show that the poppet is barely mov- 
ing and the patient is severely ill.88 More commonly, 
the clinical and laboratory findings are less convin 
ing or a comprehensive evaluation is desirable befo: 
making therapeutic decisions that may include re 
eration. The critical data include the pressure grat 
ent across the prosthesis in question and a simulta 
neous cardiac output determination to permit calcu- 
lation of the effective orifice area. Average values and 
ranges are available for most commonly used pros- 
theses and are helpful guides.!09-197 In patients with - 
regurgitation, careful positioning during angiography 
may demonstrate that the regurgitant jet is through - 
the orifice and clearly due to improper seating of the 
poppet rather than paravalvular due to a leak in the 4 
suture line. Actual demonstration of thrombus on the 
valve as a filling defect on the angiogram has been __. 
rare and therefore of no practical help. To emphasize. 
a previous statement, the probability of obtaining he- —. 
modynamic or angiographic evidence indicative of 
thrombus on a prosthesis is greatest in patients with 
other findings suggesting prosthetic valve dysfunc- — 
tion. The likelihood of demonstrating abnormal find-. 
ings in patients with a systemic embolus but without `. 
clinically apparent valve malfunction is small and we 
discourage catheterization studies in such cases. — 
































Management 


Reoperation: When significant prosthetic valve 
dysfunction due to thrombus is present, prompt re- 
operation is usually necesssary. The urgency. of reop-.. 
eration is obvious in patients in clinical difficulty - 
with heart failure, low cardiac output states, hypo- 
tension or arhyibiniae Reoperation i in patients with- 












ntly in patients with Starr-Edwards aortic 
ack” valves not receiving anticoagulant agents 
cho have manifested orifice occlusion by throm- 
5.7555 Hemodynamic abnormalities may be sur- 
singly severe considering the absent or relatively 
nign symptoms. In patients with the model 1000 
tarr-Edwards aortic valve prosthesis the differential 
iagnosis between thrombosis and ball variance may 
ot be clear, but this presents no practical problem 
ince both require early reoperation.?! When clinical 
nd laboratory findings are equivocal and, most 
n, if hemodynamic data are borderline, patients 
y be observed for a time but must be followed up 
sely with clear instructions to return promptly if 
hey experience any change in symptoms. 

 Anticoagulant therapy: Management after a sys- 
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Renal Consequences of Valvular Heart Disease 


--dominate. Net filtration rate, in a simpli 


National. “institutes. of the difference between hydrostatic pres 





Three aspects of potential renal involvement in patients with valvular : 
heart disease are discussed. These include (1) disturbances in renal 

salt and water handling and their implications with respect to diuretic : 
management; (2) the hemodynamic effects of angiographic contrast. 
agents with identification of potentially dangerous effects on. the kid- 
neys; and (3) the histologic patterns of. bacterial endocarditis i Be 
kidney and their similarity to those of immunologically mediated. di s- 
ease. wu 







Altered renal function in patients with valvular heart disease may 
arise from a variety of causes. On the basis of our experience, we have . 
chosen three aspects of this problem for discussion: (1) renal salt han- . 
dling in heart failure and implications regarding diuretic manag 
ment, (2) the effect of angiographic contrast agents on renal fancio 
and (3) the renal lesion of bacterial endocarditis. 









Renal Salt Handling and Diuretic Agents — ; 


In formulating the “forward” theory of heart failure, Sta 
signed the kidney a key role in the formation of edema. Confir 
soon followed when Warren and Stead? reported that in assoc 
with edema, patients with heart disease had diminished s lt ai 
water excretion. Attention was focused on changes in glomerular fil- 
tration rate as an explanation for sodium retention by the work of. 
Merrill? and otherst9 because of the measured reductions in both 
glomerular filtration rate and renal plasma flow in patients with : 
heart failure and edema. In essence, it was suggested that a more 
complete reabsorption of the diminished filtered load of sodium ac- 
counted for the abnormal salt and water retention. Although this ex- - 
planation provided the impetus for further exploration of the patho- 1 
physiology of edema formation, it became inadequate after it was 
shown that chronic reduction of glomerular filtration rate did not x 
prevent sodium excretion or promote salt retention.’ 

Factors reeognized to be involved in the renal regulation of body d 
sodium stores are summarized in Figure 1. These include (1) forma- 
tion of filtrate, and (2) tubular i of sodium chloride and : 
sodium bicarbonate. : 








Renal Regulation of Body Sodium Stores 


Filtrate formation: The filtered load of sodium is determined by: 
two variables, glomerular filtration rate and plasma sodium concen- 
tration. In the early stages of heart failure, before the development. of. 
dilutional hyponatremia, changes in glomerular filtration | rate pre: à 





have measured changes in the determin: 




















E 1. Schematic representation of the 
5 | factors that regulate the amount of so- 
reabsorbed by the idealized. nephron of 
an subjects. See text for details. F.F. = fil- 
ition fraction; GFR = net filtration rate; P = 
drostatic pressure; x = oncotic pressure; 
-renal blood flow; RVR = renal vascular 
esistance; Sap, = serum albumin concentra- 





heart failure of various degrees of severity.® In 
lation with the reduced cardiac output of heart 
e, renal blood flow decreases pari passu, thus 
decreasing hydrostatic pressure. However, commen- 
ate with the reduction in renal blood flow, renal 
ular resistance increases, thus partially offsetting 
effect on hydrostatic pressure. Associated with 
increase in renal vascular resistance is an increas- 
ng filtration fraction, that is, a greater glomerular 
filtration rate per unit of renal plasma flow. Thus, a 
perfusion/filtration relation is established in 
which glomerular filtration rate is prevented from 
ng as dramatically as renal plasma flow by main- 
nance of hydrostatic pressure through the expe- 
ent of increased renal vascular resistance, with the 
ajor increase in resistance probably occurring at the 
postglomerular arteriole. Complete compensation for 
:the reduced renal blood flow cannot be achieved 
nce the increase in oncotic pressure as plasma 
courses through the glomerular capillaries reduces 
e integrated filtration pressure. Since the serum so- 
n concentration was within normal limits in 17 of 
9 patients, the filtered load of sodium presented 
tubular reabsorption was only moderately dimin- 
d. 
"hus, one can summarize the changes in net filtra- 
on pressure in heart failure as being modestly re- 
ced, that is, less than would be predicted from the 
her drastic reduction in measured renal blood 
flow, because of changes in renal vascular resistance. 
However, restoration of a normal filtration rate can- 
be achieved because of the modest change in on- 
-cotic pressure within the glomerular capillaries asso- 
-ciated with these compensatory adjustments. Since 
urinary sodium excretion is ultimately determined by 
_ the extent of tubular reabsorption of the filtered load 
odium, we can now turn our attention to the fac- 
ponsible for this aspect. of renal salt handling. 
sterone: As shown in Figure 1, aldosterone is 
m-conserving adrenal hormone whose princi- 
f renal action occurs in the distal segment of 
a Hierholzer and Stolte? reported 
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. uretic agents. In cirrhotic patients with forma 


and those of Martin and Berliner! in the rüt ascites and edema, there existed an | increased. ac 
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have failed to confirm other than a distal tubular s 
of action. That aldosterone might be responsible : 
the pathogenic salt retention of heart failure was st 
gested by the observations of Sanders and Melby 
These authors reported increased aldosterone acti 
ty in patients with heart failure. Despite additio 
support for the role of increased aldosterone in 
pathogenesis of edema formation in heart failure 
doubt remained. This doubt was based upon the 
that patients with primary aldosterenism chars 
istically do not have edema. Also, the experimen 
induction of heart failure in adrenalectomized do 
maintained with injections of minimally effe 
amounts of mineralocorticoid!? seemed to elimi 
increased aldosterone production as the primary sa 
retaining mechanism in heart failure. 
Renal tubular sodium reabsorption: During 
last decade intensive investigations of the regula 
and mechanism of tubular sodium reabsorption ha 
been reported. These inquiries were sparked by th 
dog experiments of de Wardner et al.!6 and Levins 
and Lalone!? demonstrating increased sodium ex 
tion after extracellular fluid volume expansion 
saline solution despite experimental reduction of g 
merular filtration rate and concomitant administ 
tion of excess mineralocorticoid. Identification o: 
decreased proximal tubular sodium reabsorptio as 
the genesis of the natriuresis in dogs with volume 
pansion came from the micropuncture studies: 
Dirks et al.!? and was also demonstrated in rats wit. 
volume expansion induced by saline solution.!9?9 
search for the factor or factors responsible for. adj ; 
ing the percent. of sodium reabsorbed in the proximal 
tubule has implicated either a natriuretic hormone!? 
or the interaction of physical forces governing proxi 
mal tubular sodium ion reabsorption?! such as. 
depicted in Figure 1. Excessive proximal tubu 
dium reabsorption has been implicated in the pe 
genesis of sodium-retaining states from both an 
and human experimentation. The latter observat 
were obtained by Earley and Martino, who 
able to estimate proximal tubular sodium reabsor 
tion by blocking specific distal tubular sites wit 



































































ilar Sodium. and chic loride Beübsorption, As. 
bular I Diuretic Blockade, in Normal 
unte S and Patients with Heart Failure 































Patients with 








Congestive Heart Failure 
(no. = 10) 
Normal During 
Subjects Volume After 
(no. = 11) Expansion Diuresis 
EL. i 58 68 85 


Pa am 55 61 78 


=p percent tubular reabsorption. 


al sodium. reabsorption in the proximal tubule 
‘with volume expansion, thus implying a lack of 
ial natriuretic adjustment. 
We have conducted similar studies, that is, distal 
bular diuretic blockade, in patients with heart fail- 
re during overt extracellular volume expansion and 
ifter diuresis and cardiac compensation.?? Two im- 
portant observations (Table I) were derived from this 
idy: (1) The qualitative changes in the percent of 
| vh reabsorbed from the proximal tubule resem- 
those reported by Fillastre et al.?4 for human 
lunteers before and after iso-osmotic extracellular 
luid volume expansion, and (2) the percent of proxi- 
al tubular sodium or chloride reabsorbed, defined 
the component remaining after distal tubular di- 
retic blockade, was greater in the patients with vol- 
ume expansion and heart failure than in a series of 
normal volunteers evaluated by the same technique. 
herefore, it was concluded that although the proxi- 
mal tubule responded in an appropriate qualitative 
manner to volume stimuli, excessive fractional proxi- 
mal sodium reabsorption at any given degree of ex- 
acellular volume expansion may characterize the 
state of congestive heart failure. 
Proximal vs. distal tubular sodium reabsorp- 
tion: That proximal tubular sodium reabsorption 
“may exert only limited influence on urinary sodium 
excretion has been stated by Knox.” The basis for 
1is opinion involves concern regarding the feasibility 
following hypothesis: Regulation of sodium ex- 
etion by the proximal nephron segment requires 
. that a greater delivery of sodium from the proximal 
“tubule overwhelm the capacity of the distal nephron 
to reabsorb sodium and that the excess be excreted in 
e urine. Although evidence favoring distal tubular 
imitation during saline-induced diuresis in the dog 
8 been reported, Howards et al.,?? during experi- 
ental Tedaction of fractional sodium reabsorption 


























ncotic albumin cause aly e a dee 


E crease in proximal sodium. reabsorption without con- `. 
comitant natriuresis. To evaluate the role of the . 


proximal rejection fraction on natriuresis, experi- . 
ments were performed in dogs with extracellular vol- ' 
ume expansion in both the presence and absence of . 
increased filtrate delivery from the proximal tu- 
bule.25 The results demonstrated that despite resto- 
ration of proximal tubular sodium reabsorption to 
control values, a substantial natriuresis persisted in 
the presence of extracellular fluid expansion, suggest- - 
ing that distal tubular sodium reabsorption may be . 
significantly modified under the experimental condi- ie 
tions employed. However, since these experiments i in- 
volved acute extracellular volume expansion, their . 
relevance to chronic extracellular volume expansion : 
was still open to question. h 
Micropuncture studies comparing proximal tubu 
lar sodium reabsorption i in dogs during mineralocort-. 
icoid “escape” and in normal control dogs failed to. 
show any decrease in the percent of proximal tubular . 
sodium reabsorption despite chronic expansion of the | . 
extracellular volume.?° To make the experimental | 
conditions more comparable between the two animal . 
groups, Knox?» adjusted the sodium balance by a . 
combination of diuretic treatment and dietary sodi- . 
um restriction so that the net difference in total body — 
sodium content between the two groups was 3 
mEq. Under these conditions no difference in percen 
proximal tubular sodium reabsorption was eviden 
from micropuncture studies. Thus, in Knox's opin 
ion, fine tuning of sodium excretion occurs in the d 
tal nephron. By implication, in response to sodium 
retention and extracellular volume expansion, a fac- 
tor or factors are activated that reset distal tubular - 
sodium reabsorption, thus establishing a new steady — 
state with regard to net sodium balance. Whether . 
this activated factor is a natriuretic hormone r remains - 
a matter of speculation. 
Mechanism of abnormal salt and water reten- 
tion in heart failure: The lack of a universally ac- . 
cepted pathophysiologic explanation for the mecha- 
nism of salt and water retention in heart failure can. 
be traced to the absence of a satisfactory experimen- - 
tal animal model that precisely mimics the state of 
heart failure in man.?? However, after inducing either 
tricuspid insufficiency or pulmonary stenosis, or . 
both, in dogs, Barger?? and Sparks et al?! examined 
changes i in intrarenal blood flow distribution. In asso- — 
ciation with surgical avulsion of the tricuspid valve, . 
outer renal cortical blood flow was reduced while . 
inner cortical and outer medullary blood flow was in- 
creased. In addition, from analysis of silicone rubber 
casts of the renal microvascularization, it was con- 
cluded that the outer cortical reduction occurred in | 
peritubular capillaries, whereas the juxtamedullary — 
increase involved the surrounding capillary network ' 
and not the vasa recta. Prom ‘thes ie the au- 





















ary vessels. On the hasie of hane Sbert er a 


eculations concerning the abnormal salt and ~ 
er retention of heart failure were proposed: Be- 


use of the decreased peritubular capillary pressure, 
rostatic pressure in this capillary segment would 
educed and, as a consequence, there would be a 
evident effect of the oncotic pressure, which 
wuld facilitate proximal tubular sodium reabsorp- 
ion. The increased inner. cortical and outer medulla- 
y blood flow would increase sodium reabsorption 
‘rom the loops of Henle, first by diminishing the effi- 
cy of the counter current system in trapping sodi- 
within the renal medulla, and second by increas- 
g medullary partial pressure of oxygen which might 
rease active sodium transport if the latter were 
-limiting. Thus, in their judgment, redistribution 
Xf intrarenal blood flow is a significant factor in the 
abnormal salt and water retention of heart failure. 
s same laboratory has shown that the natriuresis 
induced by either furosemide or ethacrynic acid is as- 
ciated with a reduction in juxtamedullary blood.” 
Present evidence concerning the pathogenesis of 
ema formation in heart failure is shown in Figure 
Reduced renal perfusion seems to be the central 
mulus for the subsequent renal adjustments that 
been measured. Although activation of the 
ngiotensin- -aldosterone system is not consid- 
be a primary event, it is generally agreed that 
does. play a permissive role.?? Redistribution of 
nal blood flow could account for inappropriate 
lium chloride retention provided that the various 
speculations advanced by Barger et al.?? concerning 
the effects of blood flow on tubular salt reabsorption 
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'IGURE 2. Proposed changes in | 

nal salt and water handling that 
"explain edema formation in pa- 

ients with heart failure. See text for i 
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` fraction on the site or sites of increased t 

um reabsorption remains ` controversial. - 
pressure in the peritubular capillary were to 
as suggested by the studies of Knox et al.,2° an 
hydrostatic pressure in this capillary segmet 
reduced,*” then conditions favoring increased p 
mal tubular sodium reabsorption would exis 
sulting increase in sodium reabsorption. wi 
pand the extracellular volume, a factor know 
crease proximal tubular sodium reabsorption 
net result would be a new dynamic equilibr 
which proximal tubular sodium reabsorption 
return to pre-edema proportions through e 
increased renal interstitial pressure, which wo 
pair the net driving force for proximal sodit 
sorption, or the release of a natriuretic h 
which would impair active sodium transpoi 
proximal tubular cell. Indirect evidence sup 
such a readjustment of tubular sodium: reabs 
has been reported from our laboratory? usin 
Os ratio. In essence we demonstrated a direct 
tion between net sodium reabsorption per 
oxygen consumed by the kidney and glomeru 
tration rate in patients with heart failure. W 
gested that an explanation for this relation: 
either an increased passive back diffusion of s 
‘through intercellular channels or less effi. 
pling of oxygen consumption to active sodi 
port. 

Despite the proposed alterations in proxim 
lar sodium reabsorption in patients with. conge 
heart failure,?3:3936 the argument and data a 
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| Commonly Used Diuretic Agents 


Filtered 
Um iid ` Effect on Urinary Electrolytes 


c HCO,- H+ 











Diuretic Agent creted Na* Kt 
Proximal tubule. 
etazolamide 3-5 + + Nee Fd 
: hick limb of: Henle’s 
. loop 
".Mércurials | 12-24 t ff Nc | 
Ethacrynic acid 1620. MO t dl NC OT 
-Furosemide ^ 1640 Mt f$ M Nc 
3s. Distal dil luting site 
t 
4 


10 consistent change; f = increased; | = 


x35 Concerning the critical role of altered dis- 
um reabsorption are compelling. Such consid- 
ns are particularly important with regard to se- 
of diuretic. drugs in the mahagement of pa- 
ith heart failure. 

c Therapy 

rincipal goal in diuretic therapy is to correct 
xc ss of sodium salts within the body. It is impor- 
recognize that in edematous as in nonedema- 
tates, the serum sodium level reflects the rela- 
ween the amount of water and the amount of 
tained but does not give a precise indication of 
agnitude of sodium retention. 

Sites of diuretic action: The proposed tubular 
tes of diuretic action are shown as encircled num- 
in Figure 1. These sites include: 

< The proximal tubule, where some 60 to 70 per- 
of the glomerular filtrate is reabsorbed iso-os- 
otically either through coupled sodium chloride 
ansport or sodium-hydrogen exchange and bicar- 
ate. titr dud Tbis.i is the major site of action of 





















ae ue = active chloride transport, 37 with- 
out con m Hut ies of filtered water. This is the site 


i Coonent of distal tubule, where 5 to 10 
id sodium is removed with some re- 
r permeability. This is the final di- 









stimulating Na 


the site of action of thiazide diuretic ; 


m xchange site.  Altho gh 





oupling ween Nat and K*i is no 
oecur,?? « evidence does exist that by 
-influx into distal tubular cells aldo- 
sterone increases the electronegativity of the lumen, . 
thus enhancing the electrochemical gradient. favoring pM 
K+ diffusion out of the cell and into the urine. Thisis 
the site of action of the aldosterone blocking agents 
spironolactone and triamterene. | eee 
Specific diuretic effects on composition and 
volume of urine: Since each of these nephron sites is . 
quantitatively different with respect to the amount —__ 
of salt and water reabsorbed, it is obvious that selec- 
tive blockade by a specific diuretic agent will have — 
different effects on the composition and volume of 
urine excreted (Table IT). All of these diuretic agents. 
have in common the capacity to increase sodium ex- 
cretion, usually i in association with chloride, although 
acetazolamide is unique because it causes a bicarbon- 
ate diuresis by blocking carbonic anhydrase activity 
in the proximal tubular segment. Kaliuresis is also 
induced by the majority of these diuretic drugs, with 
the notable exceptions of spironolactone and triam- ^. 
terene. Of importance is the effect of the various di- 
uretic agents on urinary dilution. Since urinary dilu- 
tion is initiated in the water-impermeable ascending 
limb of Henle's loop, diuretic agents that act at either 
site 2 or site 3 will prevent the generation of a dilute. 
urine and thus will not reverse the dilutional hypona- ~; 
tremia that commonly occurs in more advanced ; 
states of heart failure. The magnitude of the percent 
of filtered sodium excreted will determine the poten- 
cy of the diuretic agent. As can be seen from Table 
the so-called “loop” diuretic agents are very potent. 
and can cause sudden shifts of fluids and electrolytes 
within the body. ee. 
Recently, Earley and Martino?? noted that the . 
magnitude of glomerular filtrate excreted during di- |... 
uretic blockade is a direct function of the state of hy- .. - 
dration. Carrying this observation one step further > 4 
we have examined the urinary response to the “loop” 
diuretic ethacrynic acid as a function of the type of 
heart failure being treated. Specifically, we compared © 
the urinary response to ethacrynic acid in patients ^ - 
with systemic vascular congestion characterized by < 
overt peripheral edema, hepatomegaly and elevated 
central venous pressure and in patients with pulmo- 
nary edema but no demonstrable peripheral edema.  . 
Both the rate of urinary flow and urinary sodium and 
chloride excretion after the intravenous administra- e 
tion of ethacrynic acid were significantly greater in = 
patients with systemic vascular congestion than in. — 
those with pulmonary edema. Furthermore, a plot of = 
the urinary potassium excretion as a function of uri- 
nary sodium excretion (Fig. 3) indicated that at any . 
given rate of diuretic-induced sodium excretion there _ 
occurred a greater kaliuretic response in patients. 
with pulmonary edema thai atients with system- 
ic vaseular, pongertion. o e eX] o: for this dif- 
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3. The rate of urinary potassium excretion (U.* V) is plot- 
s a function of the rate of urinary sodium excretion (Uy,+V) im- 
lately after the intravenous administration of 50 mg of ethacryn- 

id. Open circles represent responses in patients with pulmonary 
solid circles represent responses in patients with systemic 
congestion: 


d extracellular volume reduction in edematous 
ients, whereas in nonedematous patients diuretic- 
iduced volume reduction caused an increase in aldo- 
ne secretion. If a similar differential response 
regard to aldosterone secretion were present in 
atients whose data are shown in Figure 3, it 
“suggest that the patients with pulmonary 
a had only minimal extracellular volume expan- 
and responded to their diuretic-induced volume 
n by stimulating aldosterone and enhancing 
exchange at site 4. 
iuretic refractoriness: This state can usually 
raced to one of the causes shown in Table III. De- 
ed delivery of proximal tubular filtrate to distal 
ular sites is a significant problem since the major- 
of commonly used diuretic agents have their sites 
iction in this segment of the nephron. Patients 
significant reduction in their glomerular filtra- 
ate notoriously respond poorly to all but the po- 
t “loop” diuretic drugs. Recently, we examined 
e iuretic efficacy of metolazone in renal patients 
ith a reduced glomerular filtration rate.*? In 17 pa- 
its with an average creatinine clearance of 33 ml/ 
in, 78 percent achieved a satisfactory diuresis at a 
se of. 10 to 25 mg/day. Increased aldosterone secre- 
| as a contributor to diuretic “ escape" can often be 
overcome by the addition of either spironolactone or 
amterene to the therapeutic regimen. However, a 
ord of caution: If supplementary potassium is ad- 
ninistered simultaneously with these compounds, 
the patient is exposed to the risk of hyperkalemia. 
Therefore, it is recommended that when these com- 
pounds are used, supplemental potassium should ei- 
er be stopped or the dose markedly reduced. The 
n between decreased serum chloride concen- 

















-patients whose serum chloride concentration. 
lls below 95 mEg/liter,. nercurial: injections. rarely. 
ignifi esis. ieee situation can often 








TABLE I 


š Causes of Diuretic “Escape” 


ations and mercurial refractivity i is well appreciated . 







hyperglycemic effects of thiazide and a, € 













































l. Diminished delivery of prósdinat tubular filtrate t 
segments 
A. Decreased glomerular filtration rate 
B. Increased proximal tubular reabsorption 
Il. Increased aldosterone activity 
IH. Hypochloremic alkalosis 


TABLE IV 


Complications of Diuretic Therapy 





1. Hypokalemia 
2, Metabolic alkalosis 
A. Chloride depletion 
B. Contraction alkalosis : 
C. Increased hydrogen on excretion. > 
D. Extrarenal effects of hypokalemia. 
. Hypovolemia 
. Dilutional hyponatremia 
. Hyperuricemia 
. Hyperglycemia 
. Thrombocytosis 
. Gastrointestinal bleeding 
. Rare toxic or idiosyncratic effects 
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loading and then administering the mercurial d 
ic agents. 

Complications of diuretic therapy: Bes 
the profound effect that currently available diu 
drugs have on the normal physiologic regul 
salt and water by the kidney, clinicians must be 
to the complications summarized in Table IV 
the majority of diuretic drugs act at sites proxim 
the Na*/K* exchange segment, the frequent. 
rence of hypokalemia is predictable. and must 
treated appropriately, especially in the digital 
patient. Nephropathy and myopathy have been 
ported in obese patients given diuretic drugs a 
of a polypharmaceutical approach to weight redu 
tion. It must be recognized from the results show 
Figure 3 that potassium loss becomes. More p 








ciated with hypokalemia is ‘metabolic. alkalosis: 

is usually due to chloride depletion or. contrac io 
kalosis, or both. Hypovolemia i is.a-distinct 1 
cially in patients receiving the "loop" dii 
whose oncotic pressure may be reduced | as i 
with the nephrotic syndrome or cirrhosis. Dilutional 
hyponatremia is often exaggerated by the use of thi 
zides because of the known effect of decreasin; 
water clearance. Hyperuricemia i is a well recogniz 
complication, and uric acid levels should be 
tored in all patients receiving diuretic therapy. Di. 
betic and prediabetic patients are predispose 
































agents. Gastrointestinal bleeding, t 
d toxic reactions are rare complicat 
tion of fugdehe drugs. 
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E 1 Controt ft th ot WwW V 
1 . Sequential changes in canine systemic and renal hemo- 
s induced by injection of sodium iothalamate. The shaded 
' present +1 standard deviation of the response in eight dogs 
h normal renal function; crosses represent the means of two 
with spontaneous renal failure whose mean glomerular filtration 
| 2.1 ml/min per kg body weight compared with the normal 
4.5. ml/min per kg. The five postinjection clearance inter- 
') are demarcated along the abscissa immediately below 
iss 


raphic Contrast Agents and Renal Function 


e diagnostic approach to valvular heart disease 
ires the use of angiocardiography. Large doses of 
on rast. medium áre required in such patients, who 
ave preexisting renal disease. If the physiology 
pharmacology of these agents are understood, 
e studies can be performed even in the face of ad- 
nced renal insufficiency. Although idiosyncratic 
hypersensitivity may occur, renal dysfunction associ- 
‘ated with the use of radiopaque dyes largely results 
rom their known pharmacologic effects such as uri- 
oe osmotic diuresis and decreased renal blood 
ow, it. 
Cardiovascular effects of contrast agents: The 
ntrast media used for angiocardiography are water- 
ble triiodinated benzoic acid derivatives, which 
are less than 5 percent bound to plasma proteins and 
are excreted primarily by glomerular filtration. The 
anion is either diatrizoate or iothalamate and the cat- 

ion is Na* or meglumine. In:normal man the half-life 

30 to 60 minutes. Differences in sodium content 
‘and: osmolarity of some commonly used radiopaque 
dyes are shown in Table V. For the usual cardiac 
catheterization at the University of Oregon Medical 
School, 80 to 100 ml of rci bap 76 peropnt is 
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in patients with valvular disease; particularl 
who demonstrate congestive heart failure. In ad 
tion, Bristow et al.4 have demonstrated a marked in- 
crease in arterial blood osmolarity in anesthetized  . 
dogs to greater than 400 mosm/kg serum and a 49 
percent immediate increase in cardiac. output due to . 
water redistribution during the first capillary circula- > 
tion of the dye. Concomitant. with the water redistri- 
bution there occurs a decrease in mean arterial pres- - 
sure, presumably due to decreased systemic vascular : 
resistance. Similar changes were demonstrated by 
Kloster et al.46 in 80 adults without renal disease 
ing 136 injections of sodium iothalamate and by 
himtoola et al.47 in 16 patients with mitral valve d 
ease. The average maximal nadir in systolic. b 
pressure was 34 mm Hg systolic with an. assoc 
increase in cardiac output of 1.32 liters/min (32 pi 
cent). Plasma volume increased abruptly by 223 ml .. 
(4 percent). These early cardiovascular effects of the . 
contrast agent last from 15 to 30 minutes until the — 
dye becomes distributed throughout the vascular sys- 
tem. Patients receiving antihypertensive therapy and 
those with congestive heart failure, or both, may be . 
particularly susceptible to the adverse effects ‘of ae 
those hemodynamic changes. xA 
Renal effects of contrast dyes: Thirty minutes mS 
after a left ventricular injection of sodium iothala- — 
mate, Porter et al.48 showed a solute diuresis, de- 
creasing renal plasma flow, decreased cardiac output’. 
and increasing renal vascular: resistance in lightly . 
anesthetized dogs. The solute diuresis was greater — 
than that produced by equimolar hypertonic manni- . 
tol and consisted primarily of increased amounts of | 
Na* and Cl-. Recently Ziegler et al. 49 demonstrated | 
an ability of diatrizoate to inhibit active sodium 
transport in the urinary bladder of the toad. If uri- 
nary volume is replaced, the decrease in cardiac out- . 
put and reduction in renal plasma flow can be pre- . 
vented. Although increased blood viscosity may be a © 
Pha effect of the trast agent, this- is 
































imitar to that of i normal dogs (Fig. 4). Thus, 
nts with preexisting renal disease due to hyper- 
n, diabetes and other causes may be at particu- 
k to this volume depletion. This effect can be 
ized by careful attention to fluid and solute 
during and after angiographic procedures. 
nother possible mechanism for renal injury is uri- 
a caused by the contrast agent.5! Precipitation 
ite crystals in renal tubules may occur and con- 
bute to acute renal failure? Patients with gout, 
highly acid urine and hyperuricemia secondary to di- 
-uretio drugs would appear to have an increased sus- 
ceptibility to this complication. Careful attention to 
adequate hydration and alkalinization of the urine 
can minimize this phenomenon. 

&iosyncratic reactions: There is no evidence 
at the presence of renal disease increases the 
ances. for an idiosyncratic reaction, however, 
s of the equivalent of 1 ml of Conray-400/lb body 
ight may increase the incidence of unpleasant sys- 
mic symptoms. If true renal hypersensitivity ex- 
sts it is most certainly rare. A case of acute renal fail- 
ure followed by the nephrotic syndrome with eosino- 
ia after angiocardiography was recently reported 
Borra et al.55 Proliferative glomerulonephritis, 
ve immunofluorescence and proteinuria of 13 
ours were documented. These findings would 
usual in oliguria and acute renal failure due to 
volume depletion or some hemodynamic cause. 

It can be concluded that contrast media used to 
study patients with valvular heart disease by angio- 
cardiography are safe if their predictable pharmaco- 
ogic and hemodynamic effects are appreciated. Ap- 
propriate attention to fluid and electrolyte balance 
ould protect against adverse reactions even in pa- 
nts with decreased renal function. 




































-i Renal Lesions of Bacterial Endocarditis 


Classically, the renal lesion most often described in 
icteriàl endocarditis is focal embolic glomerulone- 
phritis. This lesion has been thought to develop from 
speated microemboli originating from the infected 
endocardium.5657 Recently direct and indirect evi- 
ence has implicated an immune complex mecha- 
ism in the pathogenesis of renal disease in bacterial 
. end locarditis.°*° The immunologic?"-5* and morpho- 
- logic data595765 that now exist suggest that immune 
injury i is: common and perhaps universal. The pres- 
ence of similar renal lesions in fungal endocarditis,96 
isolated right-sided endocarditis,97995 sepsis without 
- valvulitisf? and acute rheumatic endocarditis?? 
- suggests that mechanisms other than microemboli 
are operant. 

Pathologically three distinct patterns of renal in- 
volvement may occur during infective endocarditis®: 
) renal infarcts, (2) focal embolic glomerulonephri- 
and (3) diffuse, proliferative glomerulonephritis. 
infarction is unusual, we will confine our dis- 
n to the latter two patterns. The fact that any 
























bacterial endocarditis: Urinalysis 1 may be: 


ese lesions may progress to renal fgilure mdi ; 
a se ized, granular (lumpy-bumpy) dopostiony in or c 


` Laboratory findings i m saphriu. of 


reveal hematuria, pyuria, proteinuria and - 
ria. When abnormal, the blood: urea nitroge 
serum creatinine values, or both, are usually 
mildly elevated. 

Williams and Kunkel®™ have cubis that 51 percen 
of cases of subacute bacterial endocarditis have 
positive rheumatoid factor. In most of these pati nts. 
serum complement and immunoglobulins we: 
mal or elevated. In those with clinical: nep 
serum complement was depressed and a concom 
elevation of immunoglobulins usually existed. 
sionally, antinuclear antibodies have been detec 
These serologic abnormalities tend to return to no 
mal with effective antibacterial therapy and res 
tion of the nephritis.94 

Pathology of nephritis of subacute bacteria 
endocarditis: Light microscopy reveals either 
focal, segmental glomerulitis or a diffuse, prolifer 
tive lesion in addition to any macroscopic renal I in 
farctions.© vi 

A focal lesion may be of one of two types j 
first shows a segmental, fibrinoid necrosis in one | 
more lobules of a tuft. Local cellular proliferat 
may accompany the necrosis. Synechia may coal 
with Bowman’s capsule, and if epithelial prolifer io 
results, crescent formation occurs. Peripheral h: 
ization of one or more lobules identifies the C 
type of focal, segmental lesion. If several lobules 
involved, fusion occurs among the lobules. This 
line scar may fuse with the overlying glomerular ca 
sule. Necrosis and cellular proliferation are ab 
both lesions intervening glomeruli and u 
portions of affected glomeruli appear normal by ligi 
microscopy. These focal lesions are more frequen 
the periphery of renal infarcts, and organisms 
rarely been cultured from them. Both lesions n 
seen in the same specimen, but the significance of 
different morphologic patterns is uncertain. A 

Diffuse, proliferative glomerulitis. has bee 
ported in many series.565760 Cellular prolifer 
occurs in every tuft; however, variability | 
among glomeruli. Although the “classic” renal. lesior 
of bacterial endocarditis is focal, the diffuse glomer 
litis predominates in many series. The prevale ) 
the focal and diffuse patterns varies rem 
among studies,576265 and in Spain and King’s se 
of patients with treated endocarditis diffuse glomer 
litis was absent. Many authors?957 report the coexis- 
tence of both the focal and diffuse lesions. The preva- 
lence of either lesion varies with the infecting orga- 
nism, duration of disease, method of study and treat- 
ment. 56,57,65,71 

Although Dixon? emphasized the absence of mo- 
nonuclear cells in these types of nephritis, recent re- 
ports$? indicate that an interstitial round cell infi 
trate may occur with either a focal, or dius 
erulitis.. 

Immunofluorescent studies6-62 reveal a ge 


























































































FIGURE 5. Case 1. Representative glomerulus manifesting a diffuse 
proliferative reaction. There was, in addition, a moderate, predomi- 
iphocytic interstitial infiltrate and adjacent tubular atrophy. 
60, reduced by 27 percent.) 


gua 7 Mii 


FIGURE 6. Case 1. Typical electron micrograph from renal biopsy 

;; Specimen: Arrows point to electron-dense deposits along basement 

4; membrane that are compatible with immune-complex glomerulo- 

nephritis. BM. = basement membrane; EN = endothelial cell. 
(X13,750, raduced by 11 percent.) 


:glomerular basement membrane, the mesangium, or 
- both, usually consisting of Bic complement or IgG de- 
< posits. In some cases IgA, IgM or fibinogen has been 
demonstrated as well. 

Electron. microscopy has demonstrated electron- 
dense deposits within the glomerular basement mem- 
brane.997? In addition, deposits have been visualized 
. en either side of the basement membrane and in the 
. mesangium. Epithelial, endothelial and mesangial 
cell proliferation has also been identified. The focal 
esions seen by light microscopy may be associated 
. with the more general immunofluorescent®® and 
- electron® microscopic abnormalities. Similar find- 
_ ings occur with the diffuse glomerulitis. 


- Miustrative Cases . 

LE The possibility of immunologically mediated glo- 
. merular damage in subacute bacterial endocarditis is 
_ illustrated by the case summaries that follow: : 

















: failure, aortic valve replacement: 


Case 1: This 60 year old man was admitted to the hospi- 
tal with signs and symptoms of congestive heart failure. 
Significant physical findings were: blood pressure 140/50- 
30 mm Hg, pulse rate 104/min, temperature 99.4° F, accel- 
erated carotid upstroke, cardiomegaly, aortic systolic and 
diastolic murmurs, bibasilar rales, palpable spleen and pit- 
ting peripheral edema. Pertinent abnormal laboratory data 
included: hematocrit 30 percent, white blood cell count 
1360/mm?, erythrocyte sedimentation rate 68 in 45 min- 
utes, hematuria, albuminuria, pyuria and red cell casts, 
blood urea nitrogen 44 mg/100 ml, creatinine 3.7 mg/100 
ml, positive rheumatoid factor, antistreptolysin O titer 12; 
Todd units, depressed serum C? complement, elevated IgG . 
and IgM, normal antideoxyribonucleie (anti DNA) acid, 
negative test for antinuclear antibodies, and six negative 
blood cultures. Two other blood cultures (one each of a 
pair) grew staphylococcus coagulase negative and diphthe- 
roids, respectively. The electrocardiogram was interpreted 
as indicating first degree atrioventricular block and left 
ventricular hypertrophy. The chest roentgenogram re- 


vealed an enlarged heart, pulmonary venous congestion, p. 


Kerley B lines and small bilateral pleural effusions. Renal 
biopsy results are described later. The patient was dis- 
charged with a diagnosis consistent with an immune-com- 
plex glomerulonephritis. He was readmitted 3 weeks later 
with increased heart failure and progressive renal failure 
and received 4 days' treatment with aqueous penicillin for 
presumed peritonitis after peritoneal dialysis. He had re- 
ceived no other antibodies during either hospitalization. 
Two weeks after admission, he died. 

At autopsy the aortic valve was calcified and one cusp 
was perforated. Fibrin deposits occurred along the valve 
margins. One area had a 0.5 cm soft discolored area on a. 
cusp. 

Renal microscopic findings at autopsy were similar to - 
those of the previous biopsy. Immunofluorescence staining 
revealed a diffuse 2+ granular deposition of IgG and IgM, | 
and complement present in the glomeruli, probably in a 
subepithelial location; a 3+ deposit of fibrinogen was pres- 
ent in some glomerular tufts. A representative light micro- 
scopic section showing a diffuse, proliferative reaction 
within glomeruli is illustrated in Figure 5. Electron micros- 
copy (Fig. 6) demonstrates electron-dense deposits occupy- 
ing a subendothelial position. 


Case 2: This 45 year old man was admitted with left calf 
claudication and bilateral lower limb petechiae. Significant 
physical findings included: blood pressure 120/80 mm Hg, 
pulse rate 78/min, temperature 99.2° F, an aortic systolic 
and diastolic murmur, palpable spleen, absent left dorsalis 
pedis and posterior tibial pulses, and bilateral lower limb 
petechiae with superficial skin necrosis on the left. The 
electrocardiogram was compatible with left ventricular hy- 
pertrophy and left axis deviation. The chest roentgenogram 
revealed hilar calcifications and scarring in the right costo- 
phrenic angle. Laboratory values included: hematocrit 36. 
percent, white blood cell count 7100/mm?, erythrocyte sed- 
imentation rate 55 in 45 minutes, hematuria, positive rheu- 
matoid factor, elevated IgG and IgA, normal C? comple- 
ment, normal anti DNA, negative test for antinuclear anti- 
bodies, blood urea nitrogen 9 mg/100 ml, and creatinine 0.8 
mg/100 ml. Twenty-five blood cultures were negative. Pen- 
iciliin, methicillin and. streptomycin therapy was started 
and 7 days later a renal biopsy was performed revealing a 
focal glomerulonephritis (Fig. 7 and 8). Because of the in- 
creasing intensity of the murmur of aortic insufficiency, 
and cardiac catheterization data indicating left ventricular 
-was performed after. 6 




























































M “ulus appears normal and is spared. (X288, reduced by 26 percent.) 


weeks of antimicrobial therapy. The aortic valve had char- 
_ acteristic vegetations of infectious endocarditis. 
‘Renal microscopic findings: No significant fluorescent 
taining of the several glomeruli examined could be demon- 
strated. Two distinct histologic patterns of glomeruli were 
encountered in the light microscopic sections. Figure 7A il- 
lustrates two normal glomeruli from the biopsy specimen; 
- Figure 7B shows another glomerulus in which the majority 
‘of the tufts manifest cellular proliferation and scarring. 
The electron micrograph shown in Figure 8 was taken from 
< an involved glomerulus and again demonstrates the suben- 
./ dothelial location of the electron-dense deposits. 


Comments on pathogenesis of nephritis in bac- 
terial endocarditis: The inability to culture or visu- 
.alize consistently bacterial organisms from the focal 
glomerular lesions of infectious endocarditis raises 
=- doubt concerning a uniform embolic pathogene- 
 gis.5657.65 That immune complexes are capable of 
roducing glomerulonephritis has been shown both 
clinically and experimentally.5559/73-77 The disposi- 
ion of these complexes seems primarily dependent 
^on size of the complex and antigen-antibody equiva- 
i: ]ence.78 In both of our cases the electron-dense de- 
“posits were subendothelial in location. In light of the 
- observations reported by Germuth and Rodriguez,’ 
this finding would suggest complexes containing IgM 
antibodies. Such an interpretation is also compatible 
with the prevalence of positive rheumatoid factor 
noted in patients with subacute bacterial endocardi- 
tis. 

The demonstration by Williams and Kunkel® of 
immune complexes in the circulation of patients with 
subacute bacterial endocarditis suggests that an anti- 
gen-antibody complex may mediate the nephritis of 

- bacterial endocarditis. The diffuse glomerular depos- 
its seen by immunofluorescent9?? and electron micros- 
¿copy adds additional support to this concept.906? 
Furthermore, Levy and Hong! have described a case 
of subacute bacterial endocarditis with nephritis in 
which antibody from the kidney eluate combined 
pecifically with the bacteria obtained from the pa- 
tient’s blood culture. 
































FIGURE 7. Case 2. In the same histologic section of a biopsy specimen from Patient 2, two distinct glomerular patterns can be identified. A! 
mal glomeruli. B, involvement of the majority of the glomerular tufts with cellular proliferation and scarring. The lower left quadrant of the. glomer- 


FIGURE 8. Case 2. Electron micrograph demonstrating the 
structural abnormalities of an involved glomerulus. Arrows in 
electron-dense material in a subendothelial mag apt B 
ment membrane; FPF = foot process fusion; MI = ingia 
position; PMN = polymorphonuclear cell. (X 13,750; "reduced 
percent.) 


If immune renal injury is present in adocit 
its pathogenesis may be similar to that proposed fo 
the nephritis of poststreptococcal disease," systemi: 
lupus erythematosus,/??? infected ventriculo 
shunts,$2?3! osteomyelitis without amyloidosis, 
ondary syphilis, quartan malaria,*4 as well as fu 
gal66 or isolated right-sided endocarditis$^58 4 
acute rheumatic endocarditis./? These data impl 
that circulating complexes are involved in the r 
disease. Whether or not the interstitial round cel 
filtrate seen in many specimens has additional 
mune significance is unclear. : 

Management: Although either focal or 
glomerulitis may lead to renal failure,* its f 
varies. Appropriate antibacterial therapy fo 
-docarditis commonly reverses the clinical 

































































nal failure is unusual even on an interim basis. If 
| failure is progressive despite resolution of the 
nfection, the best method for long-term manage- 
ment is unclear because experience with long-term 
: dialysis and renal transplantation has been limited. 
Many of the antibiotic agents commonly used in the 
iatment of subacute bacterial endocarditis are ex- 


‘Starr I: Role of the "static blood pressure" in abnormal incre- 
ments of venous pressure, especially in heart failure. Il. Clinical 
and experimental studies. Am J Med Sci 199:40-63, 1940 
> Warren JV, Stead EA: Fluid dynamics in chronic congestive 
heart failure. An interpretation of the mechanisms producing the 
~ edema, increased plasma volume and elevated venous pres- 
in certain patients. with prolonged congestive failure. Arch 
Intern Med 73:138- 162, 1944 
errill AJ: Edema and decreased renal blood flow in patients 
| chronic. congestive heart failure: evidence of ‘forward fail- 
ire’ as the ‘primary cause of edema. J Clin Invest 25:389—400, 
946 
okotott R Ross G, Leiter L: Renal plasma flow and sodium 
rption and excretion in congestive failure. J Clin Invest 
1948 
: Kidney function in heart failure. Scand J Clin Lab In- 
298-304, 1949 
an EV: Function of the kidney and metabolic changes in 
ic failure. Am J Med 7:490—509, 1949 
JO, Urquhart J, Higgins JT Jr, et al: Effect of deoxycorti- 
one acetate in unilaterally nephrectomized dogs with 
‘renal artery constriction. Endocrinology 78:316-324, 1966 
:Porter.GA, Kloster FE, Bristow JD, et al: interrelationship of he- 
modynamic alterations of valvular heart disease and renal func- 
influences on renal sodium reabsorption. Am Heart J 84: 
89-202, 1972 
. Hierholzer K, Stolte H: The proximal and distal tubular action of 
; adrenal steroids on Na reabsorpticn. Nephron 6:188-204, 1969 
_ Lynch RE, Schneider EG, Willis LA, et al: Absence of mineralo- 
..corticcid-dependent sodium reabsorption in dog proximal tubule. 
Am J Physiol 223:40-45, 1972 
1. Martin D, Berliner RW: The effect of aldosterone on proximal 
tubular sodium reabsorption in the rat (abstr). Proc Ann Meet 
‘Am Soc Nephrol 3:45, 1969 
. Sanders LL, Melby JC: Aldosterone and the edema of conges- 
tive heart failure. Arch Intern Med 113:331-339, 1964 
< Cox JR, Davies-Jones GAB, Leonard PJ: Sodium content and 
rnan aldosterone: excretion in patients with congestive heart 
failure before and after treatment and comparison with normal 
Subjects undergoing salt restriction. Clin Sci 26:177—184, 1964 
Davis JO, Holman JE, Carpenter CCJ, et al: An extra-adrenal 
actor essential for chronic renal sodium retention in presence 
of: Increased sodium-retaining hormone. Circ Res 14:17-31, 
1,3964 
: Davis Jo, Howell DS, Hyatt RE: Sedium excretion in adrenalec- 
» tomized dogs with chronic cardiac failure produced by pulmo- 
ary artery constriction. Am J Physiol. 183:263-268, 1955 
i de V Wardner HE, Mills IH; Chapham WF, et al: Studies on the 
effererit ‘mechanism of the sodium diuresis which follows the 
administration: of intravenous Saline in the dog. Clin Sci 21: 
249-265, 1961 
17. Levinsky NG, Lalone RC: The mechanism of sodium diuresis 
< after sali ne infusion in the dog. 4 Clin Invest. 42:1261—1278, 
01963 











nown. The need for dialysis i in the’ cases s with: 


ied, JH, Cirksena ws, Berliner RW: The effect of saline. infu- i -o 36. Gibson DG, Marshall JC Lockey z 


age of these drugs must be decreased, Useful guide- ivi 


lines have been established by Bennett et a].9589 ' for. : 
these adjustments. . i 


Acknowledgment 


We express our appreciation to Drs. David Linder and. d 
Robert Brookes for assisting in preparation of the photomi- .. 
crograpic specimens and to Mrs. Kathleen Harder for cleri- Er 


cal assistance in preparing this manuscript. 


References 


sion on sodium reabsorption by the proximal tubule of the dog. J vun 


Clin Invest 44:1160-1170, 1965 


19. Rector FC Jr, Sellman JC, Martinez-Maldonado M, et al: The URS 


mechanism of suppression of proximal tubular reabsorption by 
saline infusion. J Clin Invest 46:47—56, 1967 

20. Hayslett JP, Kashgarian M, Epstein F: Changes in proximal and ` 
distal tubular reabsorption produced by rapid expansion of ex«.^ 
tracellular fluid. J Clin Invest 46:1254—1265, 1967 


21. Earley LE, Martino JA, Friedler RM: Factors affecting sodium." 


reabsorption by the proximal tubule as determined during block- 
ade of distal sodium reabsorption. J Clin Invest 45:1668- 1684, 
1966 

22. Earley LE, Martino JA: Influence of sodium balance on the abili- 
ty of diuresis to inhibit tubular reabsorption. Circulation 42: 
323-331, 1970 i 

23. Bennett WM, Bagby GC Jr, Antonovic JN, et al: Influence of 
volume expansion on. proximal tubular. sodium reabsorption. in. 
congestive heart failure. Am Heart J 85:55-64, 1973 2 

24. Fillastre JP, Ardaillou R, Isaac R: influence of extracellular vol-: 
ume expansion on the composition of proximal tubular. fluid in- 
man. Clin Sci 40:479—493, 1971 


25. Kaox FG: Role of the proximal tubule in the regulation of urinary oe : 


sodium excretion. Mayo Clin Proc 48:565--573, 1973 


26. Stein RM, Abramson RG, Kahn T, et al: Effect of hypotonic Sac. m 


line loading in hydrated dog: evidence for a saline-induced limit., 
on distal tubular sodium transport. J Clin Invest 46:1205-- 1218, 
1967 > M 
27. Hewards SS, Davis BB, Knox FG, et al: Depression of fraction- ` 
al sodium reabsorption by the proximal tubule of the dog without 
sodium diuresis. J Clin Invest 47:1561—1572, 1968 3 
28. Schneider EG, Dresser TP, Lynch RE, et al: Sodium reabsorp- : 
tion by proximal tubule of dogs with experimental heart: failure. : 
Am J Physiol 220:952-957, 1971 ex 


29. Werko L: Current status, unsolved problems, and future direc- ENT 
tions in congestive heart failure research. Am Heart J 70: 402- PS 


411, 1965 : 
30. Barger AC: Renal hemodynamic factors in congestive heart fail 

ure. Ann NY Acad Sci 139:276-282, 1966 l 
31. Sparks HV, Kopald HH, Carriére S, et al: intrarenal distribution . 


of blood flow with chronic congestive heart failure; Am J: Physiol ee 


223:840-846, 1972 
32. Birtch AG, Zakheim RM, Jones LG, et al: Redistribution of renal 
blood flow produced by furosemide and-ethacrynic acid, oe 
Res 21,869-878, 1967 


33. Kubo S: Clinical studies on the role of aldosterone concerning n 


the edema formation in chronic: congestive heart failure..Jap J.. 
Cire 35:1183- 1202, 1971 HE 
34. Lindheimer MD, Lalone RC, Levinsky NG: Evidence that. an 


acute increase in glomerular filtration has little effect àn sodium: : MES 
excretion in the dog unless extracellular volume is expanded. doo 


Clin invest 46:256-274, 1967. . 
35. Beli NH, Schedl HP, Bartter FC: A 

water retention and hypoosmolality j 

Am Med 36: 351-360, 1964- 





planation: for abnormal 
congestive heart failure. 















=: Assessment of proximal tu- ^ 






























































































bular sodomi apopo during water-diuresis in patients with 
heart disease. Br Heart J 32:399-407, 1970 T 
Burg M, Green N: Function of the thick ascending limb of 
inle's loop. Am J Physiol 224:659-668, 1973 

Burg M, Green N: Effect of mersaly! on the thick ascending limb 
" Henle's loop. Kidney int 4:245-251, 1973 

Glebisch G, Mainic G: The regulation of distal tubular potassium 
ansport. In, Renal Transport and Diuretics (Thurau K, Jahrmár- 

ker H; ed). Berlin, Springer Verlag, 1969, p 123—138 

laldauf JA, Kloster FE, Porter GA: Differential renal response 
ethacrynic acid in acute pulmonary edema compared to sys- 
temic vascular congestion (abstr). Clin Res 16:135, 1968 

, Espiner EA, Jagger Pl, Tucci JR, et al: Effect of acute diuresis 
aldosterone secretion in edematous patients. N Engl J Med 
0:1141-1147, 1969 

Bennett WM, Porter GA: Efficacy and safety of metolazone in 
enal failure and the nephrotic syndrome. J Clin Pharmacol 13: 

57-364, 1973: 

alner LB: Urographic contrast media in uremia. Radiol Clin 
North Am 10:421-432, 1972 

aschke TF, Meimon KL: Clinical importance of the pharmaco- 
logical ‘effects. of radiopaque dyes. Ration Drug Ther 7:1-4, 


vistow JD, Porter GA, Kloster FE, et al: Hemodynamic 
anges attending angiocardiagraphy. Radiology 88: 939-949, 


67 
loster FE, Bristow JD, Jacobs WR, et al: Hemodynamic effect 
f angiocardiography. Invest Radiol 1:398-406, 1966 
ahimtoola SH, Duffy JP, Swan HJC: Hemodynamic changes 
ssociated with injection of angiographic contrast medium in as- 
sessment of valvular lesions. Circulation 33:52-57, 1966 
GA, Kloster FE, Bristow JD: Sequential effect of angio- 
raphic contrast agent.on. canine renal and systemic hemody- 
mics. Am Heart J 81:80—92, 1971 
. Ziegler TW, Ludens JH, Fanestil DD, et al: Inhibition of active 

sodium transport by diatrizoate (abstr). Clin Res 22: 210A, 1974 
Grainger RG: Renal toxicity of radiological contrast media. Br 
‘Med Bull 28:191—195, 1972 
Postlethwaite AE, Kelley WM: Uricosuric effect of radiocon- 
“trast agents: Ann Intern Med 74:845-852, 1971 
| Mudge GH: Uricosuric action of cholecystographic agents. N 
Engl J Med 284:929-933, 1971 
5. Brown CB, Glancy JJ, Fry IK, et al: High dose excretion urogra- 

“phy in oliguric renal failure. Lancet 2:952, 1970 
Sherwood T, Breckenridge A, Dollery CT, et al: Intravenous 
urography. and renal function. Clin Radiol 19:296— 302, 1968 
Borra S, Hawkins D, Duguld W, et al: Acute renal failure and 
lephrotic syndrome after angiocardiography with meglumine di- 
trizoate. N Engl J Med 284:592-593, 1971 
aehr G: Glomerular lesions of subacute bacterial endocarditis. 
Exp Med 15:330-346, 1912 
Bell ET: Glomerular lesions associated with endocarditis. Am J 
:;Pathol.8:639-663, 1932 
"Cordelro A; Costa H, Laginha F: Immunologic phase of sub- 
acute bacterial endocarditis. Am J Cardiol 16:477-481, 1965 
9. Dixon FJ: The pathogenesis of glomerulonephritis. Am J Med 
,:44:493-498, 1968 . 

E Gutman RA, Striker GE, Gilliland BC, et al: The immune com- 
plex glomerulonephritis of bacterial endocarditis. Medicine 51: 
(051-25, 1972 
1. Levy RL, Hong R: The immune nature of subacute bacterial en- 

: docarditis (SBE) nephritis. Am J Med 54:645-652, 1973 
32. Morél-Maroger L, Srear JD, Herreman G, et al: Kidney in sub- 

"acute endocarditis. Arch Pathol 94:205-213, 1972 
j3. Phair JP, Klippel J, Mackenzie MR: Antiglobulins in endocardi- 
tis. Infect Immun 5:24-26, 1972 
Willlams RC, Kunkel HG: Rheumatoid factor, complement and 
angun aberrations i in i paene with subacute bacterial endo- 








- carditis. J Clin Invest 41 666-675, 1962 
65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 
74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


89. 


Heptinstall RH: Pathology of the: Kidney. Boston, tthe 
1966; p 325-331 : 
Roberts WC, Rabson AS: Focal glomerular lesions in f 
docarditis. Ann Intern Med 56:610-618, 1962... 
Bain RC, Edwards JE, Scheifley CH, et al: Right-sided. bacte 
endocarditis and endarteritis: a clinical and pathologic shudy Am 
J Med 24:98- 110, 1958 
Glancy DL, Marcus Fl, Cuadra M, et al: isolated organi ef 
pid valvular regurgitation. Am J Med 46:989--996, 1969: 
Rames L, Wise B, Goodman JR, et ak Renal ‘disea: 
Staphylococcus albus bacteremia: a complication in ventri 
atrial shunts. JAMA 212: 1671-1677, 1970 
Grishman E, Cohen S, Salomon MI, et-al: Renal lesion 
rheumatic fever. Am:J Pathol 51:1045- 1061, 1967 — 
Spain DM, King DW: The effect of penicillin on the renal 
of subacute bacterial endocarditis. Ann. Intern Med 36 
1089, 1952 
Lu WH, Shern MA, Lee JC: Acute diffuse glomerulonephrit 
acute staphylococcal endocarditis. Ann Intern Med TÉ 
1969 
Christian CL: Immune-complex disease. N Engl T 
878-884, 1969 5 
Dixon FJ, Vazquez JJ, Weigle WO, et at: Pathoge e 
serum sickness. Arch Pathol 65:18—28, 1958 ; : 
Koffler D, Schur PH, Kunkel HG: immunological- stu 
cerning the nephritis of systemic lupus erythematos 
Med 126:607-623, 1967 i 
Michael AF, Drummond KN, Good RA, et al: Acute conis 
coccal glomerulonephritis: immune deposit disease. J Clin 
45:237-248, 1966 
Unanue ER, Dixon FJ, Lee S: Experimental glomeruloner 
Int Arch Allergy Appl Immunol 29:140-150, 1966. : 
Cochrane CG, Hawkins D: Studies on circulating immu 
plexes. Ill. Factors governing the ability of circulating cor 
to localize in blood vessels. J Exp Med 127:137-- 154, 1968 
Germuth FG, Rodriquez E: immunopathology of the. 
Glomerulus. Boston, Little, Brown, 1973, p.33 z; 
Keslin MH, Messner RP, Williams RC dr: Glomerulone 
with subacute bacterial endocarditis. Immunofluores 
ies. Arch Intern Med.132:578-581, 1973 
Stickler. GB, Shin MH, Burke EC, et al: Diffuse glomer 
tis associated with infected ventriculo-atrial shunt. N Eng 
279:1077-1082, 1968 
Boonshaft B, Maher JK, Schriener GE: Nephrotic syndro : 
sociated with osteomyelitis without secondary amyloidosis Ar 
intern Med 125:322-327, 1970 
Braunstein GD, Lewis EJ, Galvanek EG, et al: The nephr 
syndrome associated with secondary syphilis: an immune 
posit disease. Am J Med 48:643-648, 1970 es 
Ward PA, Kibukamusoke JW: Evidence for soluble. 
complexes in the pathogenesis of the glomeruloneph 
quartan malaria. Lancet 1:283, 1969 * 
Villareal H, Sokoloff L: The occurrence of renal insufficiency 
subacute bacteria! endocarditis. Am J Med Sci 2 : 
1950 
Baldwin DS, Lovine BB, McCluskey RT, et ak Renal failure and 
interstitial nephritis due to penicillin and methicillin. N Engi d A 
279:1245-1252, 1968 ; 
Fillastre JP, Laumomer R, Humbert: 6, etal: Acute. renal 
associated with combined gentamycin and cephalothin : 
Br Med J 2:396-397, 1973 AU 
Bennett WM, Singer 1, Coggins CH: A. practical guide to 
usage in adult patients with impaired renal functio! 
1468-1475, 1970 
Bennett WM, Singer I, Coggins CH: Guide to drug usag 
patients. with impaired renal ala A suppieme 
223:991-997, 1973 ; 























































POPP, MD, FACC 
IGENBAUM, MD, FACC 
special Consultant. 





York, New York 


m the int r-Society Commission for Heart 
ease FRA urces, New York, N. Y The prep- 


Medi Hotels Serie, H Health Services and 
"Mental. Health Administration, Department of 
E Health, Education: and Welfare. 





„Address for reprints: Donald T Fredrickson, 
vi Lo 


The echocardiographic examination is described and the current status | 
of ultrasound in cardiac diagnosis is summarized. Planning guidelines 
are provided for hospital-based echocardiographic laboratories includ- : 
ing resource criteria for professional personnel and. training, equip- i] 
ment, space and support systems. Minimal case loads for maintaining n 
quality performance of the examiner are recommended and various. 
administrative patterns for organizing. an echocardiographic service - i 
are discussed. Approaches for establishing professional fees and ^. 
emerging applications of diagnostic ultrasound in cardiovascular medi- 

cine are briefly reviewed. There is a description of the procedure for 

conducting an adequate echocardiographic examination in children 

and adults. 








|. introduction 





Diagnostic ultrasound is achieving broad application in medicine as 
its reliability, safety and contribution to patient care are increasingl 
recognized. Of the different modes of ultrasound, pulse-echo has re. 
ceived the widest application in cardiac diagnosis and, when so em 
ployed, it is referred to as echocardiography. 

Echocardiography is a safe, noninvasive, nonionizing, easily re 
peatable diagnostic examination that, in skilled hands, provides very 
reliable and valuable information on the structure and function of the 
heart. The basis for diagnosis is evaluation of the size, position, con- . 
figuration and motion of structures, and the assessment of anatomic 
and functional relationships within the heart.. 

The purpose of this statement is to provide physicians and hospital 
administrators with guidelines for developing high quality diagnostic. 
echocardiographic services. It reviews the principles of examination — 
and the status of echocardiography in cardiac diagnosis, and it de- - 
fines the human and technical resources for optimal diagnostic stud- 
ies. Certain developing applications of ultrasound in ‘cardiology are. 
briefly discussed. 













il. The Echocardiographic Examination 


The examination is performed by directing short pulses of high fe: 
quency sound waves into tissues from an ultrasonic transducer that. 
also functions as a receiver. Echoes of sound waves are reflected from — 
various tissue interfaces, such as the heart walls and valves, and the 
distance of each echo source from the transducer is calculated elec- 
tronically and displayed on an oscilloscope as a dot of light. As the 
echo-producing interfaces move in the sonic beam, the dots move 
back and forth on the oscilloscope and their motion pattern is contin- | . 
uously recorded. The result is a one-dimensional depth record of a. 
structure’s movement within the sonic beam relative to the transduc- 
er, displayed as a function of time. This is known £ as the time-motion. 
or *M-mode" display and ee method. 
VIG piam the examination, n ds 
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ayed ¢ ona moniter EE Adjusting the: posi- 
nd angulation of the transducer as well as the 
strument sensitivity controls, the examiner then 
records echoes from the desired cardiac structures. 
he technique requires rapid recognition of the loca- 
n and pattern of motion of individual echoes and 
continuous evaluation of the data recorded as the 
- sonic beam and instrument controls are manipulated 
obtain the most accurate and highest quality infor- 
mation. Diagnostic echocardiography requires a high 
level of skill and is a difficult technique to master. 
Unlike electrocardiography or routine radiography, 
‘example, which are highly standardized, the echo- 
diographic examination is entirely dependent on 
teractive technique. Examination methods cannot 
standardized with existing instrumentation. Varia- 
tions in chest size and configuration can create re- 
cording differences from the same instrument control 
settings for different patients. Errors in technique 
may mask important information or introduce facti- 
tious findings. Thus, examiners must have both 
interpretive and technical competence if results are 
to be optimal. 
Physicians and technicians performing echocardi- 
ography should be thoroughly acquainted with and 
competent in all aspects of the examination tech- 
jue. Echocardiography should not be performed by 
dividuals who have only mastered certain aspects 
' the examination. Each examination should not 
only answer the referring clinician's question, but 
. should be conducted with an eye to detecting unsus- 
pected disease, thus giving the patient the full poten- 
< -tial value of the study. Annex I contains a technical 
... description of the procedure for an adequate echocar- 
..iographic examination of children and adults. 

















lil. Status of Echocardiography 


The echocardiogram provides definitive diagnostic 
information in some instances, while in others it 
supplies data that support, confirm or rule out a clin- 
sal diagnosis. Its use to detect pericardial effusion is 
ow a routine procedure, for example, and in skilled 
hands the technique is of unrivaled sensitivity and 
accuracy. It can provide the definitive information 
or the surgical removal of left atrial myomas. Hyper- 
rophic cardiomyopathies and secondary ventricular 
hypertrophy can be identified because the thickness 

- of the left ventricular wall and septum can be mea- 
sured. An estimate of the severity of functional ob- 

^struction in hypertrophic cardiomyopathy can be 
made by observing the systolic movement of the mi- 
tral valve. Congestive cardiomyopathy may be sug- 
gested by the constellation of ventricular dilatation, 
low amplitude mitral valve excursion and poor ven- 
tricular wall motion. Detection of abnormalities of 
motion of the mitral valve may indicate the presence 
f rheumatic mitral valve disease, mitral valve pro- 
apse or aortic regurgitation. Recordings from the 
ortic valve may reveal an increased number and 
trength of echoes suggesting valve thickening and 
alcification due to aortic stenosis. In addition, a 




























large n number of f clinically suspected congenital cardi- 
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phy. 

The ability to record and acorttily ident 
atrioventricular and semilunar valves, ventricu 
chambers, ventricular septum and great arteries 
makes it possible to diagnose such lesion as hypop! 
tic left and right heart syndromes and the malp: 
tion, transposition and tetralogy complexes. Cardi 
function may be estimated by measurement of 
ventricular dimension and motion. Howev: 
technique is difficult to perform and requir 
sumptions that may be invalid in critically 
tients; therefore, its use for evaluation of card 
function in the intensive care setting, while promi: 
ing, is still under investigation. Finally, echocarc 
ography can be used repeatedly for follow-up exa 
nations to evaluate progression of disease or the 
fects of therapy; for example, the patient trea 
with mitral commissurotomy can be studied se 
for evidence of restenosis. 


IV. Resource Guidelines 


Personnel 


Echocardiography is an opergtot-depandabit exam 
ination that demands instantaneous and continu 
interpretive evaluation as well as a high level of te 
nical skill. Unless the nature and significance of var 
ous echo patterns are immediately recognized, the 
will not usually be adequately recorded and an exam 
ination of diagnostic quality will not be obtaii 
Thus, a physician responsible for obtaining and 
terpreting the echocardiogram should have: 

e A thorough background in cardiac. anato 
physiology, hemodynamics and pathology and the 
ability to conceptualize three-dimensional spatial r 
lationships in functioning cardiac structures. 

e The ability to recognize and interpret. variation 
of normal and pathologic patterns on the echocard 
ographic tracing. 

e A thorough understanding of the physical: and 
technical principles of ultrasonic instrumentatior 
and its proper and safe use. 

e A working knowledge of the lectrocendiogths 
and phonocardiogram to facilitate their correlation 
with the echocardiographic tracing. 

e A knowledge and understanding of each P 
tient's clinical problem. 

Development of technical and interpretive pro 
ciency in examination depends on the skill, previous 
training and knowledge of the trainee, on the volum 
of patients being studied and on the ability of the st 
pervisor. But, in general, because of the increasi 
complexity of echocardiography, most physicians w 
require at least 3 months of formal apavi 
ing. Additional experience is usually necessary 
velop a high level of proficiency and independ 
agnostic judgment. Because the availability 
training has been limited to date, man 
physicians are currently obtaining an i 
echocardiography through short workshop se 
a week or r less. These should be s consider ed | 






















interpretation of echocardiograms. 
Many months of additional experience will usually be 
required before satisfactory proficiency in echocardi- 
ography can be achieved. When the supplemental ex- 


an must accept responsibility for developing techni: 
er and epee, poema by frequently com- 


f E o OEY training. Many have had 
al experience with other cardiac examinations 
as cardiac catheterization, phonocardiography 
lectrocardiography. In some institutions echo- 
ographic technicians continue to function in 
e other cardiac laboratories. Finally, there are ra- 
K technicians who have entered the field of di- 
ostic ultrasound and work in general or multipur- 
doratories of diagnostic ultrasound (see later). 
lop competency in obtaining quality echocar- 
ms, most technicians will require up to a year "s 
aining ‘under experienced physician supervision in 
ive echocardiographic laboratory. This training 
id include a thorough background in cardiac 
tomy, physiology and—to some extent—patholo- 
gy; a thorough understanding of the principles of di- 
tic ultrasound; and experience in echocardi- 
hic examination. 
nicians should examine patients only under 
ervision of a physician competent in echocardi- 

phy who, if at all possible, should be available to 
si ith difficult studies. Close supervision is nec- 
because information selected or rejected for 
clusion in the echocardiographic tracing requires 

eated medical judgments to assure its diagnostic 
content and accuracy. The ultimate responsibility for 
these judgments must remain with the physician. 
: ‘Training of personnel for echocardiography repre- 
nts one of the major problems in the clinical exten- 
sion of this useful diagnostic technique. There should 
be a number of approved centers for the training of 
hysicians and technicians in echocardiography and 
ner diagnostic ultrasonic procedures. Eventually 
ese centers might also provide periodic retraining 
testing to assure continuing competence. Appro- 
riate professional organizations should give serious 
onsideration to developing procedures for testing 
and certifying competence in echocardiography as 
well as other diagnostic ultrasonic examinations. Op- 
| ally, physicians and technicians should be re- 
uired to demonstrate. appropriate levels of compe- 
| ten both the. technical and P PD aspects 
d these examinations. 
















































the technical and interpre- 








y a brief overview v of the |. cian or technician, ten "ia deteriorate. In any com- 


nt qualification. for independent _ 


iv capabilities o of the: operator. whether he be eps ae the use of an electric bed in this saing 








munity, the refore, case loads should be consolidated — 


_to permit a limited number of physicians performing nf 
echocardiography sufficient clinical | experience to 


maintain a high level of technical and. diagnostic 


skill. As a general rule, an anticipated case load of at 3 
least two to three examinations a day is probably s 
necessary to justify the training required to initiate. = 


an echocardiographie service. Two or three cardiac 


admissions per day in addition to cases from a gener-. i 
al hospital population are probably needed t to wed : 


such a case load. 


Space and Support Systems 


The space required for echocisdiograpliy i is ap- us 


proximately 200 square feet designed so that a pa- 
tient on a stretcher can be moved into position with- 


out difficulty. The door should be wide enough to ^. 
admit a hospital bed. There should be commonly . _ 
grounded electrical outlets for the ultrasonic instru- ^. 


ment and ancillary equipment. Air conditioning . 
should be provided in warm climates. Use of an ad- 
justable bed as the examining table enhances patient 
comfort and permits easy changes in position.* Con- - 
venient extras include a dimmer switch to adjust 
room light and a wash sink. An additional 150 square 


feet will usually be needed for administrative func- — 
tions, case review and reporting. There are no radia- ad 


tion protection requirements. 

If high risk cardiac patients are examined in the. 
laboratory, support facilities for cardiopulmonary re- - 
suscitation should be immediately available. As 
matter of policy, however, it is advisable to have por- 
table echocardiographic equipment so that these pa- 


tients can be examined at the bedside where medical . B 
persennel and support facilities are available in case — 


of emergencies, 


Operator comfort is of importance for the optimal. ; : 
performance of echocardiography because of. the 


sometimes prolonged and exacting manipulation of 


the ultrasonic equipment. There should be a comfort- 
able chair or stool of adjustable height. The recording .- 
device should be equipped with a foot-controlled 
switch so that the operator manipulating the trans- ^ . 
ducer with one hand and the controls with the other = 


may start and stop the recording instrument conve- 
niently. There should be a patient escort service for 


maintenance of patient traffic, secretarial support. — As 
and housekeeping services. In addition, there should ^. 


be a preventive maintenance program to periodically 
test the echocardiograph, associated equipment and — 


the electrical environment for safety and operating e 2 


performance. 


Equipment 


Instrumentation designed for echocardiography aS 
should provide: ee aoe Ree Cum 

. * Many find e find an an electric bed less ‘ie daneo and more « conve- 
nient. Assuming proper maintenance and periodic safety. checks of 
equipment, we know of no special hazards that would argue spe 
























t ocilloscopei in addition to the strip chart. 
is of at least 20 cm tissue depth and ex- 










Depth calibration and time-based markers accu- 
ate to 1 percent and linear throughout the scale. 
= ^» Operator control of transducer output and am- 
plification of returning signals including time-com- 
_pensated gain and rejection of low intensity echoes. 
| "* Ability to display time-compensated gain char- 
acteristics of the amplifier. 
Provision to accept and display information 
rom 1 to 5 megahertz transducers. 
«Simultaneous recording of the electrocardiogram 
nd, às an option, simultaneous recording of the pho- 
-nocardiogram and pulse or pressure wave tracings. 
oo -e Signal recording using continuous recorders such 
as paper strip chart, video tape or continuous film. 
-* Optional single sweep photography of the oscil- 
_loscope as a secondary recording technique. 
— Finally, the ultrasonic instrument should be porta- 
ble to permit bedside examinations and should have 
wheels large enough (at least 6 inches in diameter) to 
yrovide both instrument stability and smooth trans- 
port. 
~The most commonly used transducers are 2.0 or 
2.25 megahertz and 13 mm in diameter. There are 
some advantages, however, in smaller or larger trans- 
ducers. Pediatric examinations usually require a 3.5 
or 5.0 megahertz transducer, for example, and a lower 
-f quency transducer may be useful for the examina- 
tion of certain adult patients, for example, patients 
"with barrel chests. Some degree of shaping of the ul- 
< trasonic beam is frequently desirable. 
There are modifications in equipment that some 
"echocardiographers find desirable, among them a 
“monitor with high persistence and good resolution 
that can be seen in ambient light. Many operators 
preview the recording in M-mode and prefer the trac- 
ing on the monitor oscilloscope to sweep from left to 
sht rather than from bottom to top. Most examin- 
s would like the electrocardiogram located on the 
tracing so that it can be readily seen; a convenient 
location is above the chest wall echoes. 
Echocardiography i is sometimes used in the cathe- 
-terization laboratory or in intensive care units where 
-~ direct access of electrical energy to the heart is possi- 
ble: Thus, all ultrasonic diagnostic equipment should 
-t'adhere to the most stringent electrical safety require- 
ments. Basic protection against shock is provided 
through good design, components, construction and 
maintenance. The normal leakage from the chassis of 
-the device through the power cord grounding wire 
-should be less than 100 microamperes. The leakage 
from the probe that touches the patient should be es- 







































































A A-mode display presents echo signals as vertical deflections 
spikes) of a horizontal base line. M-mode display presents echo sig- 


"scope. 


nals as dots of light on an invisible base line. in M-mode display time - 


is represented by i a slow angen of the base line across the oscilo. .. rangements! include the ready availa 


a gists, the t prosint of patients. ‘re 










sentially zero (less than 10 microamperes) since ite 
and should be completely covere 
conductive material. With good maintenan i 
power cord, plug and receptacles, chassis lea 
should be no hazard to the patient or operator. Al 
ceptacles into which the device is to be pl 
should be checked periodically to assure they ar 
good condition and provide a true common gro 
Because of line filters used by some manufa 
the grounding conductor leakage current: | 
much greater than the permitted 100 microa 
This may require an additional isolation tran 
on the ultrasonic device in order to limit t] 
leakage current and provide the necessary 
on the power line. 

Periodic performance testing of the echt ird 
graph should be carried out according to man 
ers’ guidelines. This can be accomplished by tl 
of a standard glass or plastic block reflector ple 
a known distance from the transducer. Obs: 
of the amplitude of the returning echo at prede 
mined instrument sensitivity levels will evaluate 
sensitivity performance of the equipment, and 
fixed distance of the reflector will provide an inde 
the accuracy of the range or depth determi 
New equipment should be tested by the mar 
er's representative and the medical facility' 
tronic technician before being used to ensure c 
ance with safety standards. A similar check shoul 
made at intervals of approximately 6 months. ` 

The biological effects of ultrasound at diag 
levels have not been completely defined. At ci 
power output, however, echocardiography 
ered a safe technique since no harmful effe 
been demonstrated. Clinical and laboratory ex 
ence over the past 20 years suggests that the dan, 
of injury by echocardiography is very low a 
benefit to risk ratio extremely favorable. Ás a 
judgment, therefore, it is currently belie 
echocardiography may be used without sign 
risk of harm or injury to the patient or operator 
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Administrative Considerations 


Several types of administrative orginization 
emerged for the delivery of echocardiographic 
nostic services in hospitals. Historically, echoe: 
ography was developed by physicians with a pri 
interest in its application to the study of the h 
and, sonaenuent y, the laboratories: they | 


has been combined: with other noninvasive € 
diagnostic procedures such as phonocardiog 
apex cardiography and exercise cardiography, 
are performed i in ye are sometimes. referr 

“noninvasive cardiac” or "cardiac graphics’ 
ries. Both Manner formats function 
aegis of a hospital's division. of cardiolo 
















tential for time-sharing of some equip- 
id personnel, the ability to record the echo- 
ogram in conjunction with other graphic tech- 
niques and the availability of clerical staff involved 





ith reporting other cardiclogic tests. A 
An alternative organizational pattern is to combine 
echocardiography with noncardiac diagnostic ultra- 
sonic examinations in a multipurpose diagnostic ul- 
trasonic facility frequently located either in a depart- 
rent of radiology or of diagnostic ultrasound. Advan- 
| ited for this arrangement include economy and 
cy of operation, particularly when case loads 
v, the potential for cross-training of technicians 
ferent ultrasonic devices, and the ability to sup- 
port a full-time clerical staff. And, in smaller hospi- 
tals, possible for one physician with a broad in- 
diagnostic ultrasound to supervise all ultra- 
iagnostic services within the institution. He 
rovide guidance for the medical and technical 
serve as a consultant on equipment capabilities, 
ilization and maintenance, and assist with the de- 
lopment of quality controls. Because of his under- 
standing of the special and sometimes disparate re- 
irements for expertise in different types of ultra- 
ic studies, he can strengthen developing programs 
by emphasizing to both medical staff and administra- 
e critical importance of adequate training re- 
or performance of high quality diagnostic ex- 
nations. 

iveral- recent developments bearing on the ad- 
ration of echocardiographic services merit con- 
ion. With increasing clinical applications, the 
ic necessity for combining echocardiography 
ther diagnostic ultrasonic examinations is de- 
ing. Most active services can anticipate perform- 
least four or five echocardiograms a day, and 
‘ch in this field gives every indication that this 
ber will continue to increase. Modifications in 
cardiographic devices have also influenced the 
onomics of time-sharing of equipment. The M- 
iode of recording and the addition of such items as a 
trip chart recorder make echocardiographic equip- 
nt specialized, thereby reducing its applicability 
er types of ultrasonic examinations. For exam- 
ess than half of the total cost of an echocardi- 
graphic instrument with strip chart can now be as- 
- signed to other ultrasonic studies. Conversely, echo- 
ardiography performed with instruments designed 
or multiple ultrasonic examinations frequently re- 
uces convenience, ease and quality of the study. 

























































.. general use in cardiac diagnosis. B 
-come into common use, hot i 





gram may not necessarily give the best quality echo- 
cardiogram. = oo EES . 
Administrative organization, therefore, will vary 


from hospital to hospital and most frequently will be — 2 


determined by the interest and professional back- 
ground of the physician or physicians responsible for 
development. of the technique locally. Other factors | 
such as the stage of program development, case loads, 
medical practice patterns and financial and facility 
resources may also be important in deciding which - 


organizational pattern will be operative. Whatever 
the pattern, the physician responsible for echocardi- dot 
ography must be well trained, interested and dedicat- ^: 


ed to operating a high quality echocardiographic di- 
agnostic service. He should assume responsibility for 
the service and be available for supervision and con- 
sultation during the majority of working hours. His - 
responsibilities should include: allocation of labora- 
tory time, scheduling of examinations and assign- 
ment of patient priorities, supervision of laboratory 


personnel including training and maintenance of . 


technical competence, development and supervision 
of examination procedures and their prompt inter- 
pretation and reporting, and the maintenance of 


quality controls including environmental and instru- . PO 


mentation safety and performance programs. 


Economics 


Charges and professional fees for echocardiograph- i 
ic studies should be established on the basis of a lab- - 
oratory time and cost analysis and should be com- - 


mensurate with community standards. Because echo- PAS 
cardiography is not comparable to other diagnostic ^. 
procedures, attempts have been made to devise a rel- o: 


ative value scale. Laboratories that perform general 


diagnostic ultrasonic procedures should be aware of Dr. 


the relative value scale recommended by the Ameri- 
can Institute of Ultrasound in Medicine and the 
American College of Radiology. Physicians perform- 
ing echocardiographic studies in conjunction with 
noninvasive cardiologic laboratories might compare. 
the cost of the echocardiographic examination with _ 
that of other noninvasive diagnostic procedures. Par- 
tial echocardiographic studies—those limited to the 
recording of only one structure— should generally be 
discouraged, but should they be indicated in difficult 
clinical situations or as part of a series of examina- 
tions, charges should, of course, be a fraction of the 
cost of a complete examination. 


V. Developing Applications 


Two new cardiovascular applications. of diagnostic PM 
ultrasound are currently under development: cross- 


sectional or two-dimensional cardiac imaging and a 
pulsed, range-gated Doppler techniques. While these "RO 
appear to be promising developments, they are not — 


widely available and cannot yet b 





ecommended for . 










mentary tests to echocardiography th 

























po diagnostic information 







rent and future planning for optimal diagnostic 
Itrasonic resources. 


ANNEX | 


í scription of the Echocardiographic Examination 
of Children and Adults 


_A good starting point for the examination is the struc- 
‘ure most readily recognized in echocardiography—the mi- 
valve. It should be recorded throughout the entire car- 
cycle. The entire length of the anterior leaflet should 
tudied by directing the transducer from its attachment 
the posterior aortic wall inferiorly and slightly laterally 
to the point where the echo pattern is replaced by the 
rong echoes of the chordae tendineae. 'This will include a 
section of the record that shows the maximal excursion of 
the anterior leaflet. The movement of the posterior leaflet, 
rdinarily obtained during the beam sweeping maneuver 
iar the distal end of the mitral valve, should be recorded 
herever possible, with instrument sensitivity adjusted to 
record the right and left sides of the interventricular sep- 





























'ecording of the left ventricular diameter is obtained 
the beam directed slightly toward the apex, just be- 
ond the position in the left ventricular cavity where com- 
traces of the anterior leaflet of the mitral valve are 
. At this position the beam passes between the mitral 
e and the posterior medial papillary muscle. These rec- 
rds should include, whenever possible, the right and left 
de of the septum as well as the distinct echoes from the 
ondocardial and epicardial surfaces of the left ventricular 
posterior wall. Inelusion of echoes from the chordae tendi- 
'neae helps to define this level and provide confirmation of 
the endocardial echo by comparison with chordae move- 
"ment. 

Cephalic and medial angulation of the ultrasonic beam 
from mitral valve recording position will pass it through 
aortic root and valve. Sensitivity and time-varied gain 
uld be adjusted to demonstrate the right ventricular 
flow tract, the root of the aorta, the aortic valve signals 


















and the left atrium behind the aortic roo! Tr 


s for ipia patient care may significantly: affect — 








tricular outflow tract as well as the r« 
terventricular septum to the anterior ao 1 
Tricuspid valve echoes should be sought by ditc 
beam medially and caudally from the aortic root 
This beam direction regularly requires suppression 1 
wall reverberations and high depth gain compensi 
image the tricuspid valve optimally. The pulmo 
often can be detected by directing the beam suj 
laterally from a position one interspace above th 
cording the aortic valve. Instrument sensitivity 
gain compensation settings are similar to those 
aortic root recording. 
It is helpful to record the location of. the tr T 
the chest wall and the direction of the beam during 
amination. In infants with suspected. congenita 
ease, an effort should be made to determine : 
and relationships of the cardiac valves, ‘phambets 
vessels, 
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- increases in the dilated, failing left ventricle. Intramyc 
ae Rise pressure bag: been n postulated asa factor i 


tramyocardial Pressure: Effect of Preload on | 
ransmural Distribution of Systolic Coronary Blood Flow* 





impairment of systolic coronary blood flow (CBF) may be mediated by 
intramyocardial pressure (Pim). However, the effect of systole on the m 
magnitude and transmural distribution of coronary blood flow has not __ 
been investigated. The purpose of this study was tc measure this ef- 
fect, and, indirectly, intramyocardial pressure. It is assumed that in- EDS 
tramyocardial pressure acts on the coronary vessels as a Starling re- M 
sistor, such that local coronary blood flow is determined by the equa- .— 
tion: Coronary perfusion pressure minus intramyocardial pressure — 
equals resistance times coronary blood flow. This equation was inte- — . 
grated with respect to time and solved simultaneously for intramyocar- — ' 
dial pressure and resistance by measuring regional coronary blood = __ 
flow (radioactive microsphere technique) during maximal coronary va- wr 
sodilatation in two states: beating and hypocalcemic diastolic arrest. — _ 
Measurements were made in 7 to 16 concentric layers of the left ven- 
tricle of 16 dogs. Intramyocardial pressure ranged from near zero to — 
twice peak left ventricular pressure. The transmural distribution of in- 
tramyocardial pressure and systolic coronary blood flow depended on 
preload. The transmural distribution of the ratio of intramyocardi 
pressure to coronary perfusion pressure was not significantly differe 
from unity across the left ventricular wall at low levels of preload. (0 to 
4 mm Hg). At moderate to high levels of preload (7 to 35 mm Hg) this 
ratio was not different from unity (mean 1.03 and 0.96) in the two inner. 
fifths of the left ventricular wall, but was significantly lower (mean Acn 
0.79, 0.64 and 0.41, respectively) in the middle and two outer fifths. dex 
These data show that intramyocardial pressure shuts off systolic coro- 
nary blood flow across the entire left ventricular wall at low levels of . .; 
preload, and at high levels of preload determines a gradient of de- =- 
creasing systolic coronary blood flow from the subepicardium to zero . 
in the subendocardial layers. This finding suggests that a dilated orfail- ^. 
ing left ventricle receives systolic flow to the outer myocardial layers, — . 
whereas at low preload levels myocardial perfusion occurs entirety m 
during diastole. 



















The effect of myocardial contraction on coronary blood f flow has: be 
of interest to physiologists and physicians for decades. Although it is 
generally agreed that systole impairs coronary flow, neither the de 
gree of myocardial systolic perfusion nor the mechanism of impai 
ment of flow has been elucidated. Electromagnetic flowmeter studies |. 

of large coronary arteries of animals suggest that 15 to 40 percent of | 
coronary blood flow occurs during systole!; however, epicardial coro- 
nary arterial compliance makes interpretation of these data difficult.?: 
The distribution of coronary blood flow during the. cardiac. cycle 
seems to depend, among other things, on preload, sin 5 
systolic flow decreases early in hearts with hemorrha 



































coronary blood ‘flow. but no direct den of 
| degree of impairment has been obtained. 

In this study the effect of systole on left ventricu- 
lar: coronary blood flow and its transmural distribu- 
ion was assessed by using the radioactive micro- 
phere method? to measure local myocardial flow 
luring diastolic arrest and the beating state. The 
echnique used is based on the concept that devel- 
ped local systolic wall stress is manifested as in- 
tramyocardial hydrostatic pressure acting locally as a 
Starling resistor on the myocardial vessels. Accord- 
/, the magnitude and transmural distribution of 
ystolic intramyocardial hydrostatic pressure were 
mated and their dependence on left ventricular 
end-diastolic pressure, or preload, investigated. 














Methods 


Sixteen mongrel dogs weighing 18 to 23 kg were anesthe- 
ized with pentobarbital sodium (25 mg/kg intravenously) 
nd veritilated with room air through an endotracheal tube 
ith use of a Harvard respirator. Polyvinyl catheters were 
Jllaced in a femoral artery and vein, and 1 to 1.5 liters of 5 
‘percent dextrose in one half normal saline solution was in- 
f ied. intravenously over 30 minutes. Approximately 600 ¢c 
of whole blood was withdrawn from the arterial catheter 
ng this period, heparinized and used to prime the 
'ump-oxygenator system. A bilateral thoracotomy was per- 
"formed in the fifth intercostal space, the azygous vein ligat- 
‘ed and the innominate artery cannulated with a short poly- 
vinyl catheter for pressure recording. The pericardium was 
‘opened and umbilical tapes were placed around the superi- 
or and inferior venae cavae, main pulmonary artery and de- 
scending aortic arch. A Bardic arterial perfusion cannula 
was placed in the left subclavian artery and a Bardic ve- 
“nous cannula in the right ventricle by way of the right atri- 
_al appendage after systemic heparinization. 

A pump-oxygenator system consisting of a Travenol 
membrane oxygenator, a Sarns occlusive roller pump and a 
heat exchanger was used to establish partial bypass, which 
"was converted to heart bypass by ligation of the aorta distal 
to the perfusion cannula so that only the coronary arteries 
were perfused by way of the aortic arch. The main pulmo- 
nary artery and venae cavae were then ligated and total iso- 

ed heart bypass was established. A 40 cc capacity latex 
balloon on a stiff catheter (for pressure measurement) with 
a 1.5 em shoulder was placed into the left ventricular cavity 
. and a pursestring suture secured about the shoulder so that 
-regurgitation of the balloon through the mitral valve was 
“not possible. The left ventricle was vented by way of the 
: apex and the left atrium vented through a Bardic venous 
‘cannula. 
~~. “Pressures were measured with two Statham P23Db 
“transducers and recorded on an Electronics for Medicine 
_ oscillograph. Zero pressure was taken at the mid left ven- 
‘tricular level. Heart rate was not controlled. Perfusion tem- 
perature was maintained at 37 *C throughout all experi- 
“ments. 
Maximal pharmacologic vasodilatation was produced 
by injection of 10 mg of. dipyridamole’ into the whole blood 


























































be ments by maintaining coronary flow constant, injecting 








her decrease in coronary perfüsion pressure occi 
our experiments maximal vasodilatation was also 





" 8 to 10 seconds of occlusion. Hypocalcemic diastolic 


ate. Maximal vasodilatation was checked in all ex- 


1 additional 5 mg of dipyridamole | and verifying. that no. 
red. EL 


. checked by comparing the total myocardial 






fied: by the absence of a reactive hyperemit respon 
corded by an electromagnetic flowmeter (Stath 
4000) on the left anterior descending coronary ar 









was induced by titrating the perfusate with a. standa 
blood bank acid-citrate-dextrose solution. The left v 
ular balloon volume was adjusted to à preselected level 
diastolic pressure. EN 

Carbonized radioactive microspheres (mean i 
9.2 u, standard deviation 1.2 4) labeled with scandium 
strontium-85 or cerium-141 were injected into the 
line upstream from the perfusion cannula. Sufficie 
bers of microspheres of each type were injected to; 
least 1,000 spheres/g of left ventricular tissue to € 
cision of the method.? The number of microsph 
in the first injection should occlude only 0.02 to 0.05 
cent of the microcirculation and hence should not 
the distribution of spheres in the second injection. R 
ence samples were withdrawn at a rate of 10 cc/min. 
minutes, beginning at the time of injection, from the | 
arch and venous return line using a Holter pump.‘ 
46Sc-labeled spheres were usually given during the 
state. Immediately after completion of reference 
collection, 10 percent calcium gluconate was added to. 
perfusate until the heart beat forcefully. Maximal pha: T 
cologic vasodilatation was again verified by additior of 
mg of dipyridamole to the perfusate. When 'equil 
was reached the pressures were recorded and either * 
141Ce-labeled microspheres were injected. In all ex 
ments the study during the arrest state preceded that 
ing the beating state. In four experiments blood fl 
measured by electromagnetic flowmeter on the left 
descending coronary artery during microsphere i injec 
the beating state. 

On completion of each study the heart was fi 
jection of glutaraldehyde into the arterial perfus 
The left ventricular balloon was removed and 
verified. The Sarns pump was calibrated with 
perfusate by timed volume collection. The larg. 
arteries, fat, great vessels and valves were removec 
left ventricular free wall was divided into three sec 
the posterior wall or inflow section (area of posterio 
lary muscle), the anterolateral wall or outflow se 
of anterior papillary muscle) and the apex. These 

were trimmed perpendicular to the epicardial su 
being pressed flat and sliced into 7 to 16 cone 
nearly equal in thickness, parallel to the epicardia 
Each layer, as well as the right ventricle, septum, 
left ventricular trimmings, was weighed and the g: 
dioactivity counted on a Picker Autowell spec 
The radioactivity of each isotope in each layer and sec 
was computed by the method of Rudolph and Heymann 

Wall thickness was normalized by computing i 
tional distance of each layer from the endocardial St 
using the weight of each layer and the weight of the who. 
section, This was possible because each layer for an 
tion had the same surface area. Thus the location, 
any section of the left ventricular wall ranged. from 
the endocardial surface to unity at the epicardia 
or 1 < x <0, the fractional wall thickness:. 

Total flow measured from the calibrated pu 
radioactivity of each isotope for the total hei 
each myocardial layer; Ij; were used to compute 
Qor Q(x), for each layer by use of the equation: Q= Qp 
Ir). Adequacy of microsphere. mixing in the aortic ro 

































































































sured - “bye the reference sample ‘method, with 
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mp flow Qp: Qr was computed using the arterial refer- 
! sample flow rate, Qr, and radioactivity, In as follows: 
Qn (Ij/In). The percent of myocardial microsphere 
rapping was computed using the arterial and venous refer- 
neesamples.}0 =- 
The amplitude coefficient of intramyocardial pressure, 
(x), and resistance, R(x), for each layer were computed 
or each myocardial layer by simultaneously solving equa- 
ion 4 (Appendix) in the arrest. and beating states. Values 
ie normalized amplitude coefficient of intramyocardial 
ressure, B(x), were computed from equation 5 (Appen- 








di) . ^. 

The percent of systolic and diastolic flow predicted by 
the intramyocardial pressure data was obtained by calcu- 
ating the area between the transmural distribution curves 
med by the difference between coronary and intramyo- 
pressure divided by resistance during both systole 
Ü liastole. These areas were multiplied by their respec- 
_ tive time fractions of the cardiac cycle to give the percent 
: of systolic and diastolic flow. — 






















< Results | 
itive microsphere injections during 



















diastolic pressure or preload. Meas 





FIGURE. 1. Amplitude coefficient of intramyocardial: 
pressure, A(x), for the anterolateral or outflow. section 

of the free wall of the left ventricle of 16 hearts. The 
hearts are grouped according to- preload or left ventric- 
ular end-diastolic pressure in millimeters of mercury. 
(Piven). The location, x, in the sections is given by the ` m 
fractional wall thickness 0 X x X 1, from endocardium ^ 
(ENDO) to epicardium (EPI). Dogs 1, 5, 9 and 13T. able 
1) are indicated by closed circles, dogs 2, 6, 10 and 1 
by closed triangles, dogs 3, 7, 11 and. 15 by open cir 
cles, and dogs 4, 8, 12 and 16 by open triangles. x 






percent (mean + standard deviation, no. = 20) bei 
tween total heart flow computed by the arterial refer- = 
ence sample method and known pump flow. There 
was greater than 99 percent trapping of the 9.2 u di- 
ameter microspheres by the myocardium in most ex- 
periments. The percent of nontrapped microsphere 
radioactivity was 0.9 + 0.82 percent (no. = 20) ees | 
In general, the transmural distribution of blood | . 
flow during the arrest and beating states and, accord- . - 
ingly, the solutions for resistance, R, and the ampli- 
tude coefficient of intramyocardial pressure, A, were ^. 
similar in the left ventricular inflow and outflow sec- 
tions in each heart. However, the pattern in the api- ^ 
cal sections varied from that of the inflow and out- | 
flow sections in most studies. The results presented © 
here are for the outflow area or anterior wall of the 
left ventricle. This section is most representative of — 
the experimental design since the inflow or posterior 
sections were subject to compression from the weight 
of the ventricle above it, and the apical sections had a 
variable thickness.. oy ort ee rae I 
The solutions for A(x), B(x) and R(x) for the out- | 
flow section of 16 hearts are given in Figures 1 to 4. 
The results are divided into four groups composed of 
four hearts each, on the basis of left ventricular end- . 
red pressures 























NORMALIZED AMPLITUDE COEFFICIENT B 


.2. Normalized amplitude coefficient of in- 
t hydrostatic. pressure, B(x), for 16 hearts 


anges. of. —* Symbols and abbreviations EPI "ENDO 


FRACTIONAL WALL THICKNESS 


pw State Beating State 








Pry 608 Pry. 


106/90 
108/94 
92/73 
98/78 
66/58 
100/86 
88/81 
105/97 
98/42 
64/54 
90/80 
78/73 
- 465/44 
124/107 
122/9 — 9 
Ero fe £ Sn 















is shown in EE i ie i kun 
e me for. any) location, X, in the ventricular 






ular Soba small there was a fairly uniform 
value across the wall, anda decrease at the subepi- 
cardial layer in three of eight experiments. At moder- 
ie (8 to 11 mm Hg) and high (17 to 35 mm Hg) levels 
diastolic pressure, A decreased from the endocar- 
ò the epicardial surface. Intramyocardial pres- 
exceeded intraventricular pressure (A »1) in 
ions of the wall in some experiments, but 
ervation was not limited to the groups with 
load in the inner half of the left ventricular 











stribution of the normalized amplitude of in- 
i dial pressure, B(x): This is the ratio of 
: to Pe It is shown for each heart in each group in 
gure 2 and is similar to A(x). At low levels of pre- 
-B was nearly equal to or greater than unity 
ss the ventricular wall, whereas it decreased from 
unity at the endocardial surface to between 0 
.5.at the epicardial surface in groups with mod- 

e and high levels of preload. In all of the hearts at 
eload, B was maximal in the outer half of the 
anc this was. true in two of four hearts with a 
.of 4 mm Hg. Figure 3 gives the mean and 2 
d. errors of the B values (ratio of Pim to P.) 
combined low (0 to 4 mm Hg) and moderate 
to 35 mm Hg) preload for five sections of 
itricular wall from endocardium to epicar- 
hese are the same data presented in Figure 2, 

| into two groups and five regions of the 
ventricular wall. B was not significantly different 
11 at low preload in all five sections, nor were the 
» lerate to DER preload B values significantly dif- 








Electromagnetic 
Flowmeter 






Experiment no. 





























ferent from 1 or from the low preload B B values i in ithe a 
two inner fifths of the left ventricular wall. However, _ 
in the middle fifth and outer two fifths B was signifi- 
cantly less than both 1 and the low preload B valu 
in each section. : 
Transmural resistance: Figure 4 alioa the. Bb 
transmural. resistance for each ventricle in each 
group. Although there was considerable. variability i ine 
magnitude and distribution among hearta. there isno 
association with preload. ; 
Electromagnetic flowmeter vs. intramyocar- 
dial pressure calculations: The results of four e 
periments in which simultaneous estimates of th 
percent of systolic flow were made by electroma; I 
ic flowmeter and by intramyocardial pressure 
lation are given in Table II. The electromag 
flowmeter values were slightly higher in all cases, 
the differences were not large. 















Discussion 


This study has demonstrated that systole ipede: 
coronary blood flow. The degree of i impairment of re- 
gional myocardial flow was interpreted as being due - 
to the effect of interstitial or intramyocardial hydro- 
static pressure on the coronary vascular bed. The 

























FIGURE 3. The mean and 2° standard. errors ef dheB. 
values from Figure. 2 for both combined: low (0 toa 
mm Hg) (open circles) and moderate to high (810 35: 
. mm Hg) (open triangles) preload; for each of five. re 
... gions of the left ventricular wall. ‘Probability of di 
.. ences: was calculated by the unpaired t test bel 
the two groups. for each of the I. 1 
















- was no significant differ 
.'two fifths of the left ventric j 
Oo <x <0.6, P= 00t 6 

ond 5 x 













n pt that interstitial hydrostatic pressure acts as S 
- ing resistor in determining the perfusion pres- . 


gradient through a vascular bed is not new. Àn 
iple is the waterfall theory of ‘pulmonary blood 


k developed left ventricular pressure as a 
tor of intramyocardial pressure: The values 

olic intramyocardial pressure measured here- 

are of the same magnitude as those measured by 

s direct techniques such as vein implants,!? af- 
implants,” needles!4!6 and micromanome- 

? 'The question frequently arises whether peak 

ystolic intramyocardial pressure is greater or less 
han left ventricular pressure. The results of several 
idies!2-16-18 on dog left ventricles have shown that 
systolic intramyocadial pressure is greater than 
ventricular pressure; in other studies!2-!? it has 
vays been less than left ventricular pressure. These 
ifferences have usually been considered a result of 
ocal trauma caused by placement of the device used 
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4. Resistance to flow, R(x), for 16 hearts at- 
anges of preload. Symbols and abbreviations ās- - 


. to measure pressure. Since. th 
. herein is indirect and noninvasive, 


not applicable. Baird et al.!® measured peal 


_ intramyocardial pressures of 80 to 18mm) 


inner half of dog left ventricles during carc 
nary bypass with the ventricle empty, vent 
veloping no pressure. Since values for peal 
intramyocardial pressure reported herein 
from less than to greater than left ventrict 
sure, it is concluded that peak developed lef! 
ular pressure is not a useful predictor of intr 
dial pressure, particularly at low levels of prel 
Transmural distribution of intramyo 
pressure: The amplitude coefficient of intra 
dial pressure, A(x), should in theory be accura 
regions of the ventricular wall where Pim € P 
«1. When B > 1, measured values of Pym or 
smaller than true values for Pim: since no flo 
when Pim > Pe and thus the amplitude is | 
mated by this method. : 


WALL THICKNESS —— 








stalie p pressure greater than 7 mm 

ilar results were obtained. However, at low 
vels (left ventricular end-diastolic pressure 
04mm Hg) the distribution of intramyocardial 
ressure was more uniform across the wall, with high- 
.er values usually in the outer half of the ventricular 
il. l. Since the method fused her underestimates 






























timates of percent of PARY flow by si- 
electromagnetic flowmeter and intramy- 
ressure measurements were made (Table 
sults were consistent with the concept that 
ansmural intramyocardial pressure can be used to 
the degree of systolic flow and vice versa. 
ronary arterial compliance has been shown to play 
in overestimation of systolic flow measured by 
lectromagnetic flowmeters,? but this error should be 
mal in our study because of very high flow rates 
little change in coronary arterial pressure be- 
n systole and diastole. However, our electromag- 
flowmeter values for percent systolic flow were 
tly higher than those computed from the in- 
cardial pressure distribution, which suggests 
ie component of systolic flow is stored in 
ant large coronary arteries. 

early, from Figure 3, systolic myocardial flow 
tally or almost totally impaired at low preload 
This is evident from Equation 2 (Appendix), 
B = Piņm/P. was not significantly different from 
om Figure 3 it is seen that B was significantly 
han 1 in the outer three fifths of the ventricular 
at normal and high preload levels. Thus (1 — B) 
ot significantly different from 0 in the inner two 
is of the ventricular wall but increased progres- 
ly to the epicardial surface in the outer three 
| wall. aoe 5 dern can be re- 
























P 
ansmural distribution of intramyocardial 
nd preload: Dependency of the transmu- 
bution of intramyocardial pressure on pre- 
fast gen due to differences i in circumferen- 


ation of stress pien isometric contrac- 
e related to the distribution of 








ant adiad in-nor- 





t al. 21 showed xia 


MEA presa d levels and, héincé A 
linear decrease in intramyocardial pressure from left 
ventricular pressure at the endocardial surface to 0 at 

the epicardial surface.?223 Intramyocardial pressure - 
distribution measurements in this study and others < 
at high preload levels confirm this hypothesis. How 
to accurately estimate stress distribution at low pre- - 


load levels is not known. For intramyocardial pres- .. 


sure to exceed left ventricular pressure there must 


be, in theory, some element of compressive stress.23 


This is clear from the studies of Baird et al!9 in. 
empty beating hearts in which no net wall stress de- 
veloped, although intramyocardial pressures were in- 

creased. Greater forces, and hence stresses, develop - 
in longer sarcomeres and may compress other areas - 
of the myocardial wall. The integrated (mean) wall 

stress may be zero, as in the case of the empty heart. ; 
on cardiopulmonary bypass; or low as with low. pre- . 
load levels, during hypovolemic shock, but there may 
be regions of high tensile and compressive stress 
within the wall. The net result may be a high level of 
intramyocardial pressure across the entire ventricu- 


lar wall and consequently little if any systolic coro- và 


nary flow. 


Appendix 


Resistance to blood flow through a vascular bed is aids . 
ly defined as the ratio of the mean pressure difference 0: 
gradient across the vascular bed to the mean flow: In thi 
paper, a more precise, locally applicable, definition of co 
nary vascular resistance is used, namely, the resistance to 







flow from the aorta to any specific location in the myocar- ^. 


dium. This resistance is determined by the viscous proper- 
ties of blood and the vascular anatomy. The transmural 
pressure across any myocardial vessel wall is the difference 
between the intravascular pressure and intramyocardial 
hydrostatic pressure. Local myocardial blood flow will con- 
tinue unless intramyocardial hydrostatic pressure exceeds 
intravascular hydrostatic pressure, in which case the ven- 
ules or veins, or both, collapse. If intramyocardial pressure. 


is less than intravascular pressure, the vascular bed will re- | 


main open, and intramyocardial pressure will act as a Star: 
Eng resistor on the terminal venules and veins at: any myo: 
cardial region. Thus, at any instant of time, the relation be- — . 
tween local myocardial flow, resistance. and intramyocar; E 
dial hydrostatic pressure is given by 


Pe — Py = RQ if Pe > Pa Cody. 


where P, is the coronary arterial: pressure, Pim is the in- 
tramyocardial hydrostatic pressure, R is the. resistance and 


Q is the flow. Each of these variables in turn ‘depend on one) . 


or both of the independent variables time, t, and location 
in the myocardium, x. Clearly, Pass perfusion pressure, 
P. is a function of time only; P, = P.(t). Intramyocardial. : 
hydrostatic pressure, Pim, may depend on both t 2 
position, but has besa aros to have ; 











d/so that Pru(t;x) = A(x) PLy(t), where A(x) is the 
tude coefficient of intramyocardial pressure at any 
x in the. myocardium, and Piv(t) is the instanta- 

ft ventricular pressure. If A(x) = 1, intramyocardial 
static pressure equals left-ventricular pressure. Resis- 

e also depends on location, x, and time, t, but if ven- 
ir geometry or shape and blood viscosity are main- 
constant, resistance, R, is time-independent; that is, 
R(x). Local myocardial blood flow depends on time 
‘location, Q = Q(t,x). Therefore equation 1 can be re- 
vri ten in functional notation: 


Pt) T AGOPUQO = R(x)Q(tx) (3) 


Equation 3 is valid for any instant of time and any loca- 

in the myocardium. However, there is no way to mea- 

re. the instantaneous time course of Q at any specific 

ion in the myocardium; If equation 3 is integrated 

i respect to time, a time average equation, valid at any 

n in the myocardium, is obtained. Time average re- 

onal ‘coronary. flow, Q(x), can be measured by several 

methods, perhaps the most accurate one being the radioac- 

ive ‘microsphere method.*-8 Integration of equation 3 over 
ny cardiac cycles, from t; to ta, gives: 


"Puit - f “ACx)P y(tdt. = f. "RGOQ(t)dt 


e A(x) and R(x) are not functions of time they can be 
ed out from under the integral sign, giving 


Bild — AG) f "Pu(tdt. = ROo 4^ "Qitdt 


By > AGP = RG0QG0 (4) 


ere B. and Piy are the mean or time average coronary 
rterial and left ventricular pressures, respectively, and 


Q(x) is the time average regional flow as : define 
usual way: 


P D wv 


Pu = f Pustdt et, = t) 


Qo = f / Qsodt fs >t) 


Equation 4 contains five variables; of which P. 
Q(x) can be measured, This leaves the local valu 
amplitude coefficient of intramyocardial pressu 
and resistance, R(x), for any site-x which may be obt 
by measuring Pe, Pi y and Q(x) during two differe 
such as during diastolic arrest and. the beating 8 
the resultant two equations, equation 4 at ea 
solved simultaneously for A(x) and R(x): Algebrai 
required only that A(x) and R(x) be the same in bo! 
surement states; that is, the unknowns in the two equat 
must be unchanged at any location x. This requiremer 
be met by maintaining an isovolumetric state to m 
geometric change, and pharmacologic maximal va 
tion of the coronary vessels to remove autoregulatory 
changes in R(x). Thus, solutions for R(x) and A(x) as well 
as AQOPLv(t), the intramyocardial hydrostatic pressu 
can be obtained for any region of myocardium in wh 
flow can be measured. 

Since equation 2 predicts no flow if P, < Pim, à nor 
ized amplitude coefficient B(x) can be computed according 
to the definition 


B(x) = A(x) (Prov, Pen = Pin, NE 


where Pj v,,,, and Pemas are the peak systolic values 
ventricular and coronary (aortic root) pressure, respect 
ly. Clearly, if B(x) is greater than or equal to 1, B(x 
for any location x, no systolic flow occurs in that reg 


max av) 
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. extraction without antibiotic prophylaxis. Two. weeks later he experienced. 

n malaise, anorexía, fever and loss of weight and was treated for 2 weeks with =- 
: various orally administered antibiotic agents id 1 í = 

2 and he was is hospitalized d in i another insti 











A case.is presented of bacterial endocarditis with a ruptured sinus ot — 
Valsalva and formation of an aorticocardiac fistula from the right coro- 
nary sinus into the right atrium and right ventricle. The pathologic, clini 
cal and surgical aspects of bacterial endocarditis complicated by a 
ruptured sinus of Valsalva and an aorticocardiac fistula are analyzed. pe 
This complication of bacterial endocarditis is still uncommon, but alert- m 
ness to its diagnosis makes possible early and successful surgical m 
treatment. ihe 









Rupture of a sinus of Valsalva aneurysm is uncommon but several re-. 
ports have outlined its pathophysiologic features and described its. 
clinical recognition and management.!-7 Rupture of a sinus of Valsal- 
va in the absence of a preceding aneurysm is.a. more unusual occur- - 
rence, and only three cases have been reported.5-19 : 4 
Congenital aneurysms of the sinuses of Valsalva are frequently 
seen and occur in 3.5 percent of cases of congenital heart disease 
treated surgically!!; most often the aneurysms are associated wit 
other congenital lesions, especially ventricular septal defect,?" coa 
tation of the aorta®!2 and biscupid aortic valve.3413 They frequen 
rupture, usually into the right ventricle or right atrium, and are pron 
to infection and occasional subsequent rupture as well.’ 35121415 
Acquired aneurysms of the sinuses of Valsalva are less commo T 
Before 1950 syphilis was considered the most frequent cause; in Jones  . 
and Langley's collected series? of 22 cases of acquired aneurysms of 
the sinuses of Valsalva, 17 were due to syphilis and 4 were considered. 
secondary to bacterial endocarditis. The incidence of rupture is diffi- | 
cult to estimate because of the small number of reported cases. - : 
Aorticocardiac fistulas have frequently been reported in associa- .. 
tion with infected and noninfected congenital aneurysms.!$ When as- 
sociated with an acquired aneurysm the fistula is most frequently due 
to bacterial endocarditis with a septic aneurysm of a sinus of Val 
salva.®-!3.17-25 An aorticocardiac fistula without a preceding aneurysm 
is very unusual. 5-19 
Recently we studied a case of bacterial eodocarditis dinplibdted: by s 
rupture of a sinus of Valsalva into the right chambers of the heart = 
without formation of an aneurysm. We describe this case and review: 
previous reports on aorticocardiac fistula due to rupture of an infect- 
ed sinus of Valsalva, with or. without a preceding aneurysm. - 



















Case Report. 


A 34 yeàr old construction worker with a 10 year history of asymptomatic " . 
aortic stenosis was transferred to the Mount Sinai Hospital for further treat- . 
ment of bacterial endocarditis. Six weeks before transfer he had had a dental. 















murmur were heard at the base. A splinter hemor- 
vas present in the right index finger. The white 
ell count was 10,200 mm? and the erythrocyte sedi- 
on rate was 70 mm in 1 hour. A chest roentgeno- 
m was normal. Although several blood cultures were 
egative, treatment with penicillin and streptomycin was 
un. One week after admission, rales were heard in both 
gs. the systolic murmur at the base changed in quality, 
oming harsh, and new ‘splinter hemorrhages were seen. 
cillin and digoxin were added to the treatment regi- 
In the following days the blood urea nitrogen in- 
sed to 26 mg/100 ml and the hematocrit decreased to 
ercent. Two weeks after admission he complained of 
in the right upper quadrant of the abdomen. A systolic 
il was felt at the left. sternal border for the first time. 
appeared in both lungs and the liver became pulsatile 
nd tender, and was enlarged 4 cm below the right costal 
argin. He was transferred to the Mount Sinai Hospital. 

= History revealed that during childhood he had had re- 
current episodes of tonsillitis: A murmur of aortic stenosis 
was heard during a routine physical examination at age 24 
rs., There was no history of rheumatic fever, syphilis or 
ertension. 

Physical examination on admission to this hospital re- 
a pale and diaphoretic 34 year old man in moderate 
tory distress. The temperature was 103.8? F, pulse 
2/min, blood pressure 135/50 mm Hg in both arms 
pirations 36/min. The skin was sallow, without pete- 
splinter hemorrhages or Osler's nodes. The neck 
$ were fully distended at 60° with prominent V waves. 
carotid pulses had a weak upstroke and a rapid down- 
stroke. Rales were heard in the lower third of both lungs. 
he point of maximal cardiac impulse was in the sixth in- 
rcostal space, 3 cm to the left of the midclavicular line. A 
ystolic thrill at the lower left sternal border and a continu- 
us thrill in the third interspace at the left sternal border 
ere palpable. The first.heart sound was markedly dimin- 
hed. A summation gallop was present at the apex. A grade 
6 continuous murmur with greater intensity during the 
cond heart sound was heard along the left sternal border 
radiated to the apex, axilla and aortic area. The spleen 








































aboratory studies disclosed a hemoglobin of 9.7 g/100 
and a white blood cell count of 17,700 mm? with 86 per- 
t neutrophils. Serum glutamic oxaloacetic transaminase 
as 320 units; glutamic pyruvic transaminase 260 units and 
kaline phosphatase 75 units. The prothrombin time was 
seconds with a control value of 12 seconds. Partial 








and. bleeding time more than 15 minutes. Clotting factors 
MIU, IX and XI were normal. Results of the Venereal Dis- 
7. ease. Research Laboratory test were negative. Urinalysis 
and results of other routine chemistry determinations were 
ormal. The chest roentgenogram revealed moderate car- 
iomegaly and pulmonary vascular congestion. The elec- 
'ardiogram disclosed a. junctional tachycardia (rate 
10/min) with incomplete atrioventricular (A-V) dissocia- 
on and a preexisting. pattern of complete left bundle 
h- block. Administration of digoxin was discontinued. 
ultures were taken and treatment with furosemide, 
‚gentamycin and vitamin K was begun. : 

rdiac catheterization was performed 24 hours after 
















Hg. There was no neck vein distension. A grade 3/6. ` TABLE | 


ic ejection. murmur and a grade 2/6 diastolic decre- 


mboplastin time was 38 seconds, fibrinogen was 410 mg. 


| aneurysms of a sinus of Valsalva; his repor 
ssion (Table I). A marked i increase in oxygen satura- the first recorded case in which an ane 
right aortic sinus ruptured into the right. 


-1914 Atmar Smith? reported two necro 






Cardiac Catheterization Findings ` 























Pressure 

Site (mm. Hg 
Inferior vena cava 
Superior vena cava n ‘ 
Right atrium à = 20;v = 36 (18) 
Right ventricle 50/11 
Pulmonary artery 50/18 
Pulmonary capillary v = 47 (23) 
Left ventricle 160/32 
Aorta 94/52 (77) 














Figures in parentheses indicate mean pressure, 






ratio of 4:1. The pressure tracings indicated modera 
tic valve stenosis, and calcification was noted fluor 
cally. The aortic root angiogram revealed immediate opa 
fication of the right atrium and right ventricle and 4+ 
tic regurgitation into the left ventricle. A right vent 
angiogram revealed mild to moderate tricuspid reg 
tion. 

Surgical findings and treatment: On the basis of t 
findings and the progressive hemodynamic deterior. 
the patient was taken to the operating room. Plate 
fresh frozen plasma and Solu-Cortef? were administe: 
because of the prolonged bleeding time. During the o 
tion it was found that all four cardiac chambers w 
larged and the aortic valve was heavily calcified an 
ic with fusion of the right coronary and. noncoronary 
No aneurysmal dilatation of the sinuses of Valsal 
found. A fenestration of the right coronary sinus ni 
commissure of the noncoronary and right coronary c 
with a diameter of approximately 1 cm communicated. 
the right ventricle and the right atrium through the 
ment of the septal leaflet of the tricuspid valve. The 
significant attendant tricuspid regurgitation, but th 
appeared morphologically normal. The ruptured s 
Valsalva was repaired with vertical mattress st 
forced with pledget material, and the septal lea : 
tricuspid valve was reanchored to the septal anulus corre 
ing the tricuspid insufficiency. The aortic valve was 
placed with a Bjork-Shiley prosthesis. : 

The postoperative course was incomplicated n 
signs of heart failure disappeared in the next.2 
electrocardiogram revealed a prolonged P-R inter 
second) and persistence of the left bundle. bra 
pattern. The six sets of blood cultures taken on admi: 
grew anaerobic streptococci. Pathologic examination o 
aortic valve revealed severe calcification, fibrosis, vege 
tions and gram-positive cocci, Antibiotic therapy was c 
tinued for 4 weeks. On discharge, the patient was Ti 
digoxin. and Coumadin®, had no symptoms and was 
signs of active bacterial endocarditis or eon 
failure. 







































































































Discussion : 
In 1840 Thurnam! described 18 patient 








inicel Studies of Bacterial Endocarditis: Sinus of Valsalva Involvement 































" , Total ' Cases Necrogsies SV - = SẸ E EDU 
Reference Year Cases with BE (no.) Aneurysm. Rupture _ Remarks: VE 
«Jones and Langley? “1949 47 4 11 RCS 7 RCS Bicuspid aortic valve e 
t NN : - cases) BSBA 
5 NCS 3 NCS Aorticocardiac fistula: E 
(6 cases) 
TER 71CS 1 LCS Mast ur 
tes and Christie” 1951 442 442 oan 0 0 Aortic cusp rupture (2 cases) . as 
Oram-and East? 1955 23 4 22 23 23 All-ruptured into the fight 
D M heart chambers. 
1958 82 82 6 1 1 RCS-RA 
1959 228 228 109 3 0 
1961 95 95 0 0 NM ODE 
1962 148 148 57 0 0 -One rupturéd.mycotic = = 
aneurysm of aorta 
1965 89 89 12 0 0 ey 
1966 100 100 25 3 0 252 
R 1970 16 16 0 0 Drug addicts 
Cher bin and: Neu* 1971 656 656 0 0 v i 
yer and Fields. 1973 28 28 0 0 Drug addicts i 
























_BE G bacterial endocarditis: LCS = 
= sinus of Valsalva. 


patients with sinus of Valsalva aneurysms and re- 
to syphilis as “the most potent etiologic fac- 
in these cases. Today, because of the decreased 
idence of syphilis, bacterial endocarditis is respon- 
e for most acquired aneurysms of the sinuses of 
'alsalva.515. 17-25 In 1955 Oram and East? reviewed 
nine such cases of acquired aneurysms, four of which 
e attributed to bacterial endocarditis. In two 
cases associated congenital anomalies made it impos- 
sible to exclude a congenital origin of the aneurysms 
because of “the predilection of vegetations to form on 
any structural defect of the heart.” 


: Incidence of Sinus of Valsalva Rupture 


Jones and Langley? observed 6 cases of aorticocar- 
diac fistula in their review of 47 cases of sinus of Val- 
. salva aneurysms, but only 4 were due to bacterial en- 
. docarditis. In Oram and East's report,? only 4 of 23 
cases of aorticocardiac fistula were secondary to bac- 
endocarditis, and Dormer?® found only 1 case 
: rupture of the right coronary sinus into the right 
rium in a review of 82 cases of bacterial endocardi- 
_ tis. Several other large clinical studies are remarkable 
k for the absence of this complication (Table ID). 
DM Necropsy cases: Ina review of 348 reported cases 
__ of bacterial endocarditis*€-?9 there were no instances 
cof rupture of : a sinus of Valsalva despite the large per- 
p of patients. who died with. congestive heart 
failure secondary to valve dysfunction. However, sev- 
- eral isolated reports of this. complication have: ap- 
à Hem 513, AT; 18, 24 39-4 ble HI C 






















‘fective process. Rupture of the right coronary sinus. 


the pleural cavity?; the clinici 
z according to the type of fistula 


left coronary sinus; NCS = noncoronary sinus; RA = right atrium; RCS = right coronary’sinus; SV" 











of treatment. A review of the published. cases reveals 
16 definite cases of rupture of a sinus of Valsalva si 
ondary to bacterial endocarditis?:8-10.12,19-23,42 
(Table IV). Windsor et al.44 in 1972 reported 42 c: 
diac operations in patients with bacterial endocardi 
tis, 15 performed urgently and 25 electively (the peri 
od between institution of antibiotic therapy and op- 
eration ranged from 2 months to 10 years). In the. 
first group they found two cases of rupture of an an- =- 
eurysm of the sinus of Valsalva, one into the right ` 
atrium and one into the right ventricle. In the second `. 
group sinus of Valsalva aneurysms were found on . : 
nine occasions and an associated fistula was discov- . . 
ered in three cases. Despite the presence of abscesses 
and fistulas, persistent infection postoperatively was 
seen in only one case of aorticocardiac fistula. ^. 
Location of rupture: The location of the fistul 
and shunt produced by rupture of a sinus of Valsalva 
depends on which sinus has been involved by the in-. 











occurs most frequently. Rupture of the left oronary 
sinus occurs least frequently, but when it occurs it is. 
usually due to bacterial endocarditis since rupture of 
this sinus is extremely unusual in congenital cases. 48 

The most frequent site of rupture of a sinus of Val- 
salva is into the right side of the heart, either to the . 
right atrium or right ventricle.> 48 We found. only one. 
report, from a postmortem. study, of rupture into CUR 
both cavities due to bacterial endocarditis.?? Less fre- 
quently a sinus of Valsalva. may rupture into the left a 
ventricle,>1540 ^ pulmonary  artery?^ 
dium344l and, in unusual circums 1 

















Autopsies Cases 


(no.) 


Year 





1951 
1956 
1958 
1959 
1959 
1960. 


e and Bain" 
ord and Pickard” 


1962 
1968 
1970 
1971 
1972 


with BE Aneurysms Rupture 





SV sv ; 
Remarks . 





Three cases with bicuspid aortic va 
Rupture into right atrium and ventri 
Calcific aortic stenosis © - : 
Bicuspid aortic valve and coarctatio 
Polycythemia vera with myeloid n 
Calcific aortic stenosis left coronary 
ruptured to pericardium : 


Drug addicts 

Bicuspid aortic valve 

Aortic insufficiency 

Left-sided bacterial endocarditis 





Cases SV SV 
(no.) Aneurysm: Rupture 


atcher etal.” 
nhas et al.” 


Site of 

Rupture Remarks 

Probably congenital; recurrent bacter 
endocarditis 

Coarctation of the aorta 

Congenital aneurysms 


Probably congenital 

Rheumatic heart disease with aor ic 
insufficiency 

Mycotic ventricular septal detect, T. 
aortic stenosis 

Same case reported by Symbas i in: 

Calcific aortic stenosis wt 

6 cases with mycotic aneurysms. of ao 

61. cases taken from the literature 

No details ` 

No details : 

1case with mycotic ventricular septal 
defect 


RCS-RV 


RCS-RV 
NCS-RA 


No details 
RCS-RV 
No details 


ee 


Rheumatic heart disease with aortic 
insufficiency * 
See text 


RCS-RV 


2 RCS-RV 
2 NCS-RA 
1 RCS-RA 








linical Features. 
- The clinical findings of an aorticocardiac fistula 
lue to rupture of an infected sinus of Valsalva are 
well illustrated by our: patient’s course. After slight 
improvement in the patient’s condition during’ 
tment for bacterial endocarditis, congestive heart — 
suddenly developed, with clinical: manifesta 
a left to right shunt. Simultaneous 
hrill and a a murmur r occurred c over t 


? uk: case although pain occurred - 
abdomen. Oram and Bast soporte”? 


xd teriosus, as the most. common caus 


“Chest pain was not a symptom of the Ip: 
he 













"Kleeirücasdiograpitio ^ abnormalities: Abnor- 
malities of the conduction system have been reported 
rur a with this: PRA and are very well de- 















t ailure; the bna dg of digitali intoxica- 
ommonly made, as it was in our case. How- 
if the clinical setting makes the clinician sus- 
t t involvement of the sinus of Valsalva, these elec- 


































cause of the marked hemodynamic decompensa- 
emergency surgery was performed in our patient 
"before completion of a course of antibiotic 
rugs. After the operation his recovery was immedi- 
, and within hours there were no signs of heart 
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nrup! ured Sinus of Valsalva Aneurysm j 


d nae Shor Graniview Cline s 
va.’ The sinus aneurysm may rupture, and several. reports have de=.. 


for correcting ip o DRE. few r panei v 





An unruptured congenital sinus of Valsalva aneurysm (behind the right v 
aortic valve cusp) is described as an incidental necropsy finding in an m 
82 year old man. Review of previous reports on aneurysms involving. EA 
only one of the three aortic sinuses discloses that few cases have 
been described, and that these lesions are rarely. diagnosed during life. — 
It is probable, however, that unruptured aortic sinus aneurysm (inv Ne 
ing only one sinus) is more common than previous reports indicate, but 
that, among patients with congenital sinus aneurysm, ruphure is likely — 
to occur. 











One of the consequences of aging is dilatation of the aorta. The dila- 
tation generally affects the ascending portion more than the descend- . 
ing portion, presumably because more elastic fibers are present in the - 
proximal aorta. Included in the ascending aorta are the sinuses o 
Valsalva, that is, that portion of the aorta immediately behind t 
aortic valve cusps. Thus, with aging each of the three aortic 
dilates, and each sinus is affected more or less to a similar degr 
This “senile- -type dilatation” appears to be more pronounced. 
pertensive than in normotensive persons, and tends to occur ear 
life in the hypertensive individual. 
In addition to aging, there are at least three other causes it dilata 
tion of all three aortic sinuses: (1) syphilis;'? (2) the Marfa and 
Marfan-like syndromes,!? and (3) ankylosing spondylitis:®4 Alti ough ox 
all three conditions may be associated with severe aortic regurgita- - 
tion, each of the three sinuses may be dilated in the absence of aortic. 
regurgitation. A congenital type of dilatation of all three aortic sinus- - 
es unassociated with other congenital anomalies of the heart or great 
vessels has been recorded,° but its occurrence, if indeed of congenital d 
origin, must be unique. u 
In contrast to the common occurrence of dilatation of all three aor 
tic sinuses, aneurysmal dilatation of only one or two of the three si 
nuses is unusual. The most common cause is probably infectious en-. 
docarditis with spread of the infective process into us et struc- 






















pea: dilatation of only one Arie sinus unas: 
infectious endocarditis is extremely. rare. >. Generally, i 






'ongeni vu 
tal absence of media in the wall ef the aorta behind a yen s of Valsal- — 








scribed clinical consequences of the rupture and aurea ee : 











Year & Age 
Reference (yr). & Associated Congenital px 
no. Sex Clinical Problem Abnormalities Cause of Death Aortic Sinus involv 








1920! 23M AR Discrete subaortic CHF Right E 
stenosis 
19202! 23M AR Malformed AV CHF : f Right- posteri 
194419 49M CHF, A-V block Aortic stenosis Arrhythmia Posterior . 
194922 29M CHF, A-V block, 0 CHF 
RVOT obst. 
19535 17F Failure to thrive 0 Alive 
as child 
19575 75M ? 0 ? 
196324 7F CHF Congenital PS, VSD Operation 
1963% 38M CHF Acquired PS, VSD Operation tior. 
19635 54F Angina, AMI Bicuspid AV Compression of lett a 
coronary artery by. 
aneurysm 
196912 16M AR PDA “Myocardial failure” 
19692 14F AR 0 Cerebral embolism 
1972% 62M RVOT abst. 0 Alive 








Mi = acute myocardial infarction; AR = aortic regurgitation; AV = aortic valve; A-V = atrioventricular, CHF = congestive hear 
DA = patent ductus arteriosus; PS = pulmonary stenosis; RVOT obst. = right ventricular outflow tract obstruction; VSD = 
ular. septal defect. 


d Case Report more than 0.20 second. By age 74 years, the blood pressu 
un 82 year old retired farmer, who was known to have had decreased to 90/60 mm Hg and antihypertensive ther. 
sy: mic hypertension and cardiomegaly (on chest roent- py with reserpine, given for 2 years, was discontinu 
gram) since about age 65, had the onset of typical an- age 76 years atrial fibrillation developed and digita 
i apy was begun. Chest roentgenograms revealed . 
acute myocardial infarction. The frequency of angina pec- heart than that previously recorded. At age 79 years, 
'is decreased progressively thereafter and by age 73 years edema appeared; the blood pressure. was 110/60 mm 
had disappeared entirely; the blood pressure, however, and a grade 2/6 apical blowing systolic murmur and a third 
remained elevated (180/105 mm Hg), exertional and noc- heart sound were audible. In Run this murmur i 
nal dyspnea appeared and the P-R interval widened to 


i . ysm 
alve leaflets, respectively; Of 


act; RA se right atrium; RV f “a worth 








2. Coronal section of hoart sħowing aneurysm of the right 
Rt) sinus of Valsalva. If rupture had occurred, aorto-right ventricular 
communication. would have resulted. A = anterior mitral leaflet; LA 
= left atrium; LV = left ventricle; NC = noncoronary sinus of Valsal- 
P = posterior mitral leaflet; RAA = right atrial appendage; RV = 
ventricle; VS = ventricular septum. 


nary hypertension secondary to an embolus. No precordial 
murmur ‘had been heard previously on repeated examina- 
"tioris;'and 2 weeks later no precordial murmur was present. 
~The lung fields were clear but there was marked subcuta- 
neous pitting edema of the legs and scrotum. Chest roent- 
< genograms revealed an even larger heart than that recorded 
atage 76 years. 

"At age 80 years the patient had a cerebrovascular acci- 
ent with residual right hemiparesis. The blood pressure 
s 130/90. mm Hg and the edema was still severe. In addi- 
.tion, a nodule that proved to be an adenocarcinoma was 
palpated in the prostate gland, and extensive distant me- 
. tastases were found. He died suddenly several months later 
ina nursing home. 

SAt necropsy, the formalin-fixed heart weighed 600 g. 
‘The sinus. of Valsalva behind the right coronary (right an- 
terior) aortic valve cusp was aneurysmally dilated (Fig. 1 to 
t protruded into the crista supraventricularis muscle of 
the right ventricular outflow tract. The right sinus was 2.5 
.€m deep and held. 15 ml of fluid; the left coronary (left an- 
terior) and: posterior (noncoronaáry) sinuses were each 1.5 
-em deep and each held only 5 ml of fluid. All four cardiac 
chambers were dilated. The atrial walls contained focal en- 
docardial waxy déposits that proved to be amyloid. The left 
ventricular wall, which measured up to 1.9 cm in thickness, 
was firm and rubbery, and a transmural posterobasal scar 
^c was present, The lumen of the right coronary artery was 
< more than 75 percent. narrowed by atherosclerotic plaques. 
=i . Histologic sections revealed that the wall of the aortic 
=. sinus aneurysm consisted of endothelium covering a thin 
<> layer of connec 
ce (Fig. 4). The 


; amyloid. - 


beneath which was myocardium: 
S no a tic media within the aneurysmal 


Comments T 
Pathogeguate The basic defect in patients swith 

aneurysms involving only one or two of the three aor- 

tic valve sinuses is an absence of a portion or all of |... 
the media in the wall of the aorta behind the sinust? 
(Fig. 5). Just because the media is deficient, however, — 
does not assure the appearance of an aortic sinus an- 
eurysm.!?4 Thus, when a single sinus aneurysm oc- 
curs the sinus wall is defective, but the sinus wall — 
may be defective without the occurrence of an aneu- - 
rysm. When a deficiency of aortic media occurs, the 
wall involved most commonly (about 70 percent of 
cases?) is that behind the right coronary (right ante- 

rior) cusp; occasionally (about 29 percent of cases) it- 
is the portion behind the noncoronary (posterior) 
cusp and virtually never (less than 1 percent of 
cases!) that portion behind the left coronary (left 
anterior) cusp. The explanation for these differences 
is uncertain. 

Whether or not a sinus of Valsalva aneurysm is. 
ever present from birth is uncertain; most likely the 
aneurysm is acquired, presumably the result of the 
aortic pressure. The higher the aortic pressure (for 
example, in patients with coarctation of the aortic 
isthmus) the more likely is an aortic sinus aneurysm 
to develop. The youngest child described with isolat- — 
ed sinus of Valsalva aneurysm was 4 years old.'? Al- 
though the aneurysm itself may or may not be "con- 
genital, " the deficiency in aortic media behind the 
sinus must be congenital. RUNI 

Incidence of rupture: Both the natural history : 
and the frequency of media-deficient aortic sinus — 
wall are uncertain.” The number of persons with a 
media-deficient aortic sinus wall in whom a sinus an- 
eurysm developed is uncertain, as is the frequency of 
rupture of a developed sinus aneurysm. Among 78 
cases of sinus of Valsalva aneurysm. collected from 
previous publications by Kieffer and Winchell,!5 59... 
(76 percent) had ruptured and 19 (24 percent) had: 
not. In some of the cases included by these authors, . 
however, the aneurysms involved all three sinuses 
and therefore were probably associated with the 
Marfan syndrome. Among seven hearts with aneu-  . 
rysm of one aortic sinus studied at necropsy by Ed- 
wards and Burchell,’ four aneurysms had ruptured. 
and three had not. Of five single (one of three sinuses ` 


involved) aortic sinus aneurysms studied at necropsy | - 


by us, four had ruptured and only one, that of the - 
present case, was unruptured. 'These figures indicate 
that among reported cases of aortic sinus aneurysm, 
rupture is more common than nonrupture, but. the 
data are probably considerably biased in favor of. 
ruptured aneurysms. The nonruptured.sinus aneu- 
rysm, for example, may be missed at necropsy (it was 
missed by the prosector in our case).. The nonrup- 
tured „Aneuryst, with few zepina 19,20. prodt 







































































UNRUPTURED SINUS OF VALSALVA ANEURYSM-—FISHBEIN ET AL. 





. FIGURE 3. Close-up view of aneurysm of right sinus of Valsalva. The aortic wall behind the sinus aneurysm is very thin. Abbreviations as in Fig- 
. ure 2. 





IURE 4. Photomicrograph of wall of sinus of Valsalva aneurysm. 
aortic media is not present in the wall behind the sinus. Only thin 
onnective tissue over supraventricularis muscle (RV wall) sepa- 
ates the: sinus of Valsalva and right ventricular (RV) cavity. VS = 
entricular septum. (Elastic-van Gieson stain X4.5, reduced by 33 
percent.) 








CONGENITAL ABSENCE OF A PORTION OF 
MEDIA IN WALL OF AORTA BEHIND THE 
SINUS OF VALSALVA 


f^ * ad 


Aneurysm No Aneurysm 
(of Sinus of Valsalva) 


Rupture Never Rupture 
Symptoms Symptoms of Never 


Right Ventricular Symptoms 
Outflow Obstruction 
or 

Conduction 

Disturbance ' : 
FIGURE 5. Diagram showing possible outcome in patients. with. on- 
genital absence of a portion of media in aortic wall behind sinus of 
Valsalva. If no aneurysm occurs, the congenital defect will go unno- - 
ticed. If an aneurysm does occur it may or may not rupture, Rupti 
will virtually always produce clinical symptoms and signs of ardia 
dysfunction. 1f rupture does not occur, symptoms will usually be 
present only if there is right ventricular outflow: obstruction or con- : 
duction disturbances. : 
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ally represents, are infrequently reported. Thus, 
s likely that the frequency of unruptured aortic 
sinus aneurysm is considerably greater than has been 
reported. DONUM 

Clinical features: An unruptured single aortic 
sinus aneurysm on rare occasion may produce evi- 
ence of cardiac dysfunction (Table I). Kerber et al.2° 
es ibed clinical and cperative findings in a 62 year 
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aneuryspa in our t patient also peed | into tke Sight EN 
ventricular outflow tract but not enough to cause . 
outflow obstruction. Complete heart block has also. 
been described in a patient with unruptured aortic . 
sinus aneurysm.!? The latter patient, however, also. 
had calcific aortic stenosis, and thus it is not certain ` 
that the sinus aneurysm was responsible for the con- 
duction defect. 


References 


utive patients including eight with total replacement of the aortic: 
valve. Am J Cardiol 23:180—191, 1969 

13. Edwards JE, Burchell HB: The pathological anatomy of defi- 
ciencies between the aortic root and the heart including: aortic 
sinus aneurysms. Thorax 12:125-139, 1957 | ^. ; 

14. Kwittken J, Christoponlos P, Dua NK, et al: Congenital ani ac- ^ 
quired aortic sinus aneurysm. A case report of each with histo: 
logic study. Arch Intern Med 115:684-691, 1965 - 

15. Sakakibara S, Konno $: Congenital aneurysm of the ‘sinus of 
Valsalva. Anatomy and classification. Am Heart J 63: 405-424, 
1962 

16. Fowler REL, Bevel HH: Aneurysms of the sinus of Valsalva. Pe- 

: diatrics 8:340-348, 1951 ; 

17. Steinberg |, Finby N: Clinical manifestations of the unperforated 
aortic sinus aneurysm. Circulation 14:115—-124, 1956 .- : 

18. Kieffer SA, Winchell P: Congenital &neurysms of the. aortic: $ 
nuses with cardioaortic fistula. Dis Chest 38:79-96, 1960 

19. Duras PF: Heart block with aneurysm of the aortic sinus 
Heart J 6:61-65, 1944 

20. Kerber RE, Ridges JD, Kriss. JP, et al: Unruptured aneury: 

. -the sinus of Valsalva producing right ventricular outflow’ ob 
tion: Am J.Med:.53:775—-783, 1972 

21. Goehring C: Congenital aneurysm of the aortic sinus. ‘of V 
va. J Med Res 42:49--60, 1920 

22. Raman TK, Menon TB: Aneurysms. of the: sinuses of Valsalva 
Indian Heart J 1:1-14, 1949 - my 

23. Falholt W, Thomsen G: Congenital aneurysm of the ‘right sinus f 
of Valsalva diagnosed by aortography. Circulation. 8: 549-553, E 
1953 4 

24. Gialloreto OP, Loiselle G: Aneurysm of aortic sinus of Valsalva x 
associated with high ventricular septal defect. Am J Cardiol te 
537-546, 1963 : 

25. Eliot RB, Wolbrink A, Edwards JE: Congenital aneurysm. of the " 
left aortic sinus. A rare lesion and.a rare cause of Soronary. in- i 
sufficiency. Circulation 28:951~956, 1963 T e 
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A case is reported of recurrent myocardial infarction and anii pe 0- 
ris in a woman with normal coronary arteries documented by cor 
angiogram. The recurrence of infarction in contiguous areas of 
heart supplied by the left anterior descending coronary artery and 
association of the anginal syndrome implicate coronary arterial spasm 
as the probable cause. 


Myocardial infarction occurring in patients subsequently sho n- 
have patent coronary arteries by coronary angiography has been do 
umented in many recent reports.'-? The most reasonable. theory | pr 
posed to explain this phenomenon is the occurrence of coronary 
rial thromboembolism or spasm. The following is the first repo 
case of recurrent myocardial infarction and angina pectoris i 
woman with normal coronary arteries demonstrated by angiography. 


Case Report 


A 40 year old woman was in good health until October 11, 1967, se S 
vere substernal chest pain and restlessness developed during the evening and 
persisted for 12 hours. She was seen in a community hospital the next mor 
ing and her pain was relieved by intramuscular administration of Demerol! ‘ 
History disclosed that she had begun taking birth control tablets approxi 
mately 2 weeks before admission because of recent menstrual irregularit 
She smoked two packs of cigarettes daily and described herself as “a ner 
person.” There was no history of diabetes or hypertension. Physical exam: 
tion on admission and results of routine laboratory studies, including c 
plete blood count, serum electrolyte determinations: and biochemical proi 
were within normal limits. 5 

The admission electrocardiogram. (Fig. 1A) ghówed eviderica: of an at 
anteroseptal myocardial infarction, and ‘serial electrocardiogr he 
evolution of this pattern (Fig. 1B) persisting during the remainder of her 
pitalization. Serum glutamic oxaloacetic transaminase level rose to 90 | 
(normal less than 36) and lactic dehydrogenase rose to 675 IU (normal le 
than 350) on the day of admission. These values decreased toward normal di 
ing the next few days. On October 20, the patient experienced the sudden 
set of blurred vision and had a right homonymous hemianopsia, document: 
by serial visual field examinations. She was otherwise asymptomatic 
mained free of chest pain for 3 years after discharge. She never resumed : 
traceptive therapy. : 

In mid-1970 she noted the gradual onset of chest pain aisodatad. 
orous physical activity or emotional stress. The pain was relieved | 
10 minutes with rest or rapidly with sublingual adminstration of nitr 


in. An electrocardiogram taken in August 1970 (Fig. 1C) revealed re: 
s E of the acute S-T segment changes seen during her first hospitalization 


On September 10, 1978, she was admitted to 9 Downey Comm 


with sever 
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‘sion. ^. Physical examination and routine laboratory studies 
were again normal. The electrocardiogram on admission 
(Fig. 1D) was: consistent with an acute anteroapical myo- 
cardial infarction, and serial electrocardiograms since then 
ve shown persistent ST-T wave changes (Fig. 1E). On 
September. 11, serum glutamic oxaloacetic transaminase 
levels rose to 112 IU (normal less than 25), creatine phos- 
phokinase to. 252 IU (normal less than 50), and gradually 
returned to normal during subsequent days. 

She was discharged after 2 weeks and remained pain-free 
except. for one episode of chest tightness during vigorous 
ivity at home. 

- Left ventricular cíneangiography and selective coronary 
cineangiography. were performed by the Sones technique 
at the St. Francis Hospital of Lynwood on November 20, 
1973. The right anterior oblique ventriculogram revealed a 
large apical akinetic segment (Fig. 2). The left ventricular 
id-diastolic pressure was 15 mm Hg before ventriculog- 
raphy and increased to.17 mm Hg after ventriculography. 
Coronary angiograms revealed normal left and right coro- 
(ig. 3) and subsequent hemoglobin electro- 

































ral coronary arteries i as a the primary tielo factor. 


FIGURE 1. Serial electrocardiograms. A, on admission for first avos infarction. B, two days after first admission. i£, 3 years after in 
ocardial infarction when angina syndrome began. D, on admission for second myocardial infarction. E, 9 days after second admission, : 





and her recent ingestion of birth control pills may 
have been an important factor, as in other reports of - 
myocardial infarction in young women taking oral 
contraceptive agents.^^!9 In the latter cases, the pa- 
tients had been taking contraceptive pills for. several .. 
months to years before infarction, whereas our pa- |. 
tient had been taking them for only two weeks. Our 
patient, like those previously described, had no. isto- E 
ry of angina before the onset of infarction. LE Ee 

Coronary thromboembolism has been sugges 
the cause of this phenomenon and should be c : 
ered in our patient, especially since homonymous ~ 
hemianopsia occurred 10 days after infarction anc 
may have been due to additional thromboembolism 









to the cerebral circulation. However, the occurrence: a 


of the anginal syndrome 3 years after this event -and 
the subsequent documentation of later myocardial: 
infarction in an area of the heart adjacent to the first. 
infarction would implicate typical atherosclerotic dis- 
ease involving the left anterior descending coronary 
artery as the operative factor. Yet the subsequent an- 
giographic finding of widely patent coronary arteries 
rules out atherosclerotic obstruction of the extramu- 














5 ‘FIGURE 2. Left ventriculograms, right anterior oblique view. Above, 
cat end-systole, showing large apical akinetic segment. Below, at 
- ,end-diastole. 










Other reasonable explanations of these events would 
be coronary arterial spasm or small vessel coronary 
artery disease. 

The recurrence of angina after the infarction was 
not described in other reported cases of myocardial 
infarction associated with contraceptive therapy, and 
in most of these cases coronary angiography revealed 
widely patent coronary arteries. Dear and Jones,'° 
c however, described two young women receiving con- 
C traceptive therapy who had angiographic evidence of 

focal coronary arterial lesions with otherwise smooth- 

looking coronary vessels after myocardial infarction. 

< They theorized that the contraceptive treatment may 
have caused focal vascular endothelial changes or 
that the angiographic findings may have represented 
coronary thromboembolism. Other reported cases of 
myocardial infarction and angiographically demon- 
strated normal coronary arteries have been unassoci- 
ated with contraceptive therapy, and in many of 
these cases there was a concurrent history of angina 
pectoris before or after infarction.!?97? In no case 
the patients have a recurrent myocardial infarc- 
tion, and the recurrence of infarction in our case only 
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FIGURE 3. Coronary arteriograms. Above, right anterior oblique 
view of the left coronary artery showing all branches widely patent 
with only minor irregularities of the arterial walls. Below, anteropos- 
terior view of the right coronary artery demonstrating that the vessel .. 
s 5... y patent. 


emphasizes the importance of the anginal syndrome. 
as a sign of chronic and serious coronary artery dis- 
ease in this type of patient. The most likely mecha 
nism for the combination of myocardial infar 
and the anginal syndrome in cases. with normal c 
nary angiograms is the phenomenon of coronary arte- 
rial spasm. Coronary arterial spasm was, in fact, 
fortuitously demonstrated angiographically in one 
such case when infarction occurred at the time € 
study.? 

Coronary arterial spasm has been invoked to ex- 
plain the clinical syndrome of Prinzmetal's angi 
na.! 3? Cheng et al.!! and Oliva et al.!? have demon 
strated coronary arterial spasm angiographically dur 
ing attacks of angina associated with elevated ST. 
segments on the electrocardiographic monitor. After 
administration of nitroglycerin, the symptoms: an 
monitored changes disappeared in these patient 
and repeat coronary angiograms revealed normal c 
onary arteries. tee 

Coronary thromboembolism and. cor 
spasm: No single explanation is totally satisfying ft 
the series of events in our patient; it may be that a 
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coronary ngi oe 

ave been caused one E vas- 
as thromboembolism to the coro- 

, hypothesis seems plausible consid- 

ing the recen 4 
i dtl e later cerebral vascular impairment. 
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antification of Arrhythmias 


NG LANG, MD, FACC 










a ai j 


ju 1974 "annal Pepoit to the President and the 
ongress of the United States, the Advisory Council 
of the National Heart and Lung Institute recom- 
 mended ‘ ‘continued exploration of more effective an- 
_tiarrhythmic drugs” and “studies to identify the pop- 
ation at risk of developing arrhythmias so that pro- 
Live therapeutic. trials aimed at prevention can 
be designed and initiated.” However, to enable more 
iate investigations into the incidence of ar- 
nias and their control, we believe there is an 
nt need for systems that can simply and accu- 
y categorize and enumerate abnormal heart- 
Such data are needed to evaluate the effective- 
of antiarrhythmic therapy under normal living 
onditions for prolonged periods of time, particularly 
n patients with ischemic heart disease. Because cer- 
E tain. ectopie rhythms appear to be associated with 
- sudden death, such investigations require more accu- 
. rate data reduction systems to detect patients at 
undue risk. Portable recording devices are presently 
available, but there is a need for more rapid, accurate 
à reduction methods that can enumerate and 
racterize evanescent ectopic rhythms and conduc- 
ion defects. Undoubtedly, many lives could be saved 
labeling the risk of sudden demise, and also deter- 
mining the long-range effectiveness of prophylactic 
antiarrhythmic agents. 
. In 1961 and in 1965, wel? reported the clinical ap- 
plication of the Holter monitor for the diagnosis of 
arrhythmias that cause phantom cerebral strokes and 
 evanescent angina pectoris. The Holter monitor tape 
= recorded each electrocardiographic deflection, and a 
rapidly moving cathode ray scope displayed R-R in- 
tervals that portrayed irregularities of heart rate and 
. rhythm. The: original Holter monitor data reduction 
-system provided a valuable dynamic picture and a 
- readout of selected samples, but it was unable to 
quantitate abnormalities accurately unless the whole 
period of observation was printed out. Enumeration 
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ccuracy of Data Reduction Systems for Diagnosis, and. 


. analysis requires that the system be able 
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of an entire 24 hour securing period: requires 
hours for accurate analysis. Numerous data : 
and analytic devices have been marketed cl 
they could count the number of abnormal be 
a period of time. However, our experience indi 
that most systems at best have an unacceptable 
of error for pharmacologic and other investig: 
Recent adaptations of the Holter system are 
marketed that select suspicious tape segm 
sampling. Using such sampling strategies, the m. 
facturer states that the system provides quant 
with +15 percent uncertainty during a 9 hour 
of study. An adequate sampling requires 3 hours 
technician's time, which is costly, and for qu. 
tive study provides only a questionable deus 
curacy. . 
We selected 25 Holter tapes that can be 
test the accuracy of various data reduction. 
The entire tape was printed out in real time, and. 
number of ectopic beats counted visually. These 
tapes were then fed into various data reductic 
tems to check their ability to diagnose and q 
tate. Unfortunately, the accuracy of each com 
system tested was unacceptable because of its mar: 
of error. For instance, in quantifying arrhythmia 
rate of error was 2 to 50 percent for simple atrial pr 
mature beats, 1 to 8 percent for veritricular prema 
ture beats, up to 42 percent for ventricular prematur 
beats occurring during atrial fibrillation, up to 6' 
percent for veritricular premature beats associated 
with fusion beats and up to 90 percent for sinus ar 
rhythmia. The systems were unable to distinguis 
sinus arrhythmia from premature beats, junctio 
rhythms and paroxysmal atrial tachycardia W 
block. 
To provide reliable diagnosis of premature systo 
it is necessary for the system to study the de 
prematurity and whether a compensatory pause 
lows the premature beat. To determine if th 
ture beat is supraventricular or ventricul 
it must detect and analyze how the P was 
to. the QRS complex. Therefore, adeqi 



















































































n ias s described i in this issue of the Jour- 
ford University. group of Lopes et al. 2 


s. aud. characterizes the arrhythmias, ‘but in addi- 
io nts out a permanent display that can be relat- 
e patient's symptoms. Their computer meth- 
or diagnosis of arrhythmias in ambulatory pa- 
dents uses an improved method of plotting R-R in- 
ervals versus time, simultaneously with QRS dura- 
n and other vector measurements of each beat. 
tification of all periods of arrhythmia and a per- 
aracterization of each QRS complex en- 
physician to relate events to the clinical 
'Their system provides automatic comput- 
a hythmia diagnosis and quantification that 
enable clinical evaluation. of antiarrhythmic 
| and more appropriate investigations of ar- 
mias that antedate sudden death. We believe it 
es system ‘available. We recommend that the 
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its accuracy with. actual rendani. counts of test tapes, Ua 
New flotation intracardiac electrode catheters will ^. 
soon be marketed that provide augmented atrialvolt- . 
ages for analysis of ectopic rhythms directly from 
tracardiac cavities. These direct leads will allow more 
accurate analysis of arrhythmias and conduction de- 
fects. Magnification of the P wave will permit its as- ~ 
sociation with the ventricular complex for consider- ; 
ation of degree of prematurity, compensatory pause. 
and a description of unusual QRS morphology. Com: 
puter analysis using such direct leads should result in. | 
rapid, meaningful quantification and statistical eon- 
fidence for both investigative studies. and clinical 
analysis. We anticipate that the Stanford system 
using new flotation electrode catheters will eventual- 
ly be adapted for use in the coronary care unit to pro- 
vide a superbly accurate method for monitoring, _ 
rhythm analysis, automated treatment and a Jong: i 
awaited arrhythmia alert. 
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THIRD HEART SOUND IN HYPERTENSION 


ie excellent article by Ayers et al.! one finds the state- 
: “Third heart sounds are commonly heard in hyper- 
on and do not indicate a failing left ventricle, but a 
ourth heart sound does." This is exactly the opposite of 
he accepted concept, as stated in standard textbooks and 
vith which most authors agree. An editorial from the Brit- 
5 ish Medical Journal? states, “A third-heart-sound gallop 
` may be heard in heart failure, in mitral incompetence, or in 
| constrictive pericarditis, etc.” About the fourth heart 
. sound it asserts, “An atrial gallop usually indicates that the 
_ related ventricle is working under stress. Thus a left atrial 
. gallop rhythm may be heard in essential hypertension or in 
-. cardiac infarction." Wood? adds, “It is a sign of stress rath- 
"er than. distress, of increased work accomplished rather 
5 than heart failure.” Friedberg agrees with these views. I 
- think there has been an error of transcription and it should 
be rectified. 

Enos Oscar Gutiérrez-Rodriguez, MD 
Department of Internal Medicine 
Hospital de San Juan de Dios 
Cali, Colombia 





» References 
“4, Ayers CR, Slaughter AR, Smallwood HD, et al: Standards for quality care of hyper- 
fe fash “tensive patients in office and hospital practice. Am J Cardiol 32:533-545, 1973 


^2. Editorial. Gallop rhythms. Br Med J 5269:1766, 1961 
3° Wood P: Diseases of the Heart and Circulation. London, Eyre & Spottiswoode, 1968, 
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SURFACE RECORDING OF HIS BUNDLE ACTIVITY 


Our results! obtained with use of the technique described 
by Flowers et al? and discussed by Damato? were pub- 
ished prior to the former article and, moreover, were ob- 
iained in human subjects. In addition, in 19714 we de- 
scribed a more sophisticated and theoretically advanced 
form of the electrode system used by Flowers et al. I hope 
that further papers will indicate our priority in this field. 
















Mariusz Stopczyk, MD, PhD 
institute of Cardiology 
Medical Academy in Warsaw 
Rr Warsaw, Poland 
.; References 
4. Stopczyk MJ, Kope J, Zochowsky RJ, et al: Surface recording of electrical heart 
activity during the P-R segment in. man by a computer averaging technique (abstr). In- 
ternational Research Communications System, 11-21-2, August, 1973 
2. Flowers NC, Hand RC, Orander PC, et al: Surface recording of electrical activity 
c from the region of the bundle of His. Am J Cardiol 33:384—389, 1974 
(508, Damato AN: Noninvasive methods for recording bundle of His activity. Am J Cardiol 
I0588344-445, 1974 
oi A Stopczyk M: A method for recording local potential from the surface of the chest. 
; Annals of the Medical Section of the Polish Academy of Sciences, Vol 26, no. 1-2, 
1971 











REPLY 5 
We are pleased to learn of Dr. Stopezyk's achievements in — 
surface recording of His bundle activity, but it is probably 


inappropriate to suggest that some sort of "priority" beac- 
knowledged. The world is small and knowledge explosive. - 
In a field as interesting as this one, a number of investiga- 
tors are likely to submit for publication nearly simulta- 
neously similar, complementary. and nonidentical work. 
The precise date of publication, when the discrepancy in 
date is months rather than years, usually reflects not so 
much who had a given idea first as it reflects the value of 
the peer review system, the backlog of similar good pieces 
of investigation also awaiting publication in a given journal- 
and, indeed, whether or not journals competitively. re- 
viewed were selected by the author for first publication. 
For example, the abstract cited by Stopczyk as evidence of 
priority (his reference 1) was published in August 1973. On 
the other hand, Berbari's thesis! on the subject was s$ub- : 
mitted in January 1973, and. our first abstract? pertaining | 
to the subject was submitted in February 1973. The article 
about which Dr. Stopezyk’s letter was written appeared in 
a competitively reviewed journal, having been submitted — 
for publication on June 7, 1973, received by the journal on — 
June 11, 1973 and accepted for publication on July 2, 1973. 
It was published in March, 1974. Although the thrust of the 
article under debate was not the technical detail of the 
electrical probe system, it is appropriate, since the question 
was raised, to point out that descriptions of such systems 
have been in the medical literature for quite some time, al- 
though many of us have attempted modifications from > 
time to time for special purposes.*4 
When Dr. Stopezyk’s full-length manuscript on the topic. 
is published, we would greatly appreciate receiving reprints | 
describing his work. We refer him to other reports in the 
field.5- 
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VENTION AND CARE, edited by Irving S. Wright, MD and 
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mission for Heart Disease Resources, 1974, 404 pages. 
::$6.95. 
This volume should be owned and read and studied by 
^. every individual interested in the problems of the cardio- 
vascular system; the best experts in this field and virtually 
all organizations interested in the cardiovascular system 
contributed to the development of these guidelines. 
The following note to the reader appears on page 3 of the 
front matter of the book: 








The Inter-Society Commission for Heart Disease Re-, 
sources was created through a contract with the Regional 
Medical Programs Service to help fulfill the require- 
ments of Section 907 of Public Law 89-239 which estab- 
lished regional medical programs in 1965. Its purpose has 
been to develop guidelines for optimal medical resources 

"for the prevention and treatment of cardiovascular dis- 
eases. 


The Commission's reports have been published serially 
in Circulation, the official journal of the American Heart 
Association. As the result of receipt of constructive cri- 
tiques from throughout the country, the reports as they 
now appear have been substantially revised. 
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The Commission will continue to periodically review 
update and develop new guidelines as the need arises 
Constructive criticism of its work is encouraged from 
those who are using these statements as planning aids or 
as a basis for developing standards for medical facilities 
and programs. 


Revisions will be published in Circulation. Reprints of 
individual reports may be obtained from local heart asso: 
ciations or the national office of the American Heart As. 
sociation. 


The experts and organizations have delineated the 
needs, facilities and methods for care of patients. with and 
prevention of various types of cardiovascular disease. 
who read the book will recognize the enormous amount o 
work that went into its production. Although some of the 
statements may appear arbitrary, a start must be made. 
somewhere; the important point is that the book will.fre- 
quently be updated as medicine changes. All physician: 
should congratulate the editors, the numerous contributor: 
and the staff workers who participated in the production o 
this volume. My hope is that they will continue in their 
work and periodically update the book. : 


J. Willig Hurst; MD, FACC 
Atlanta, Georgia 
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| Calendar of Continuing Medical Education Programs 


<The aim of each program is to increase the 
theoretical and practical knowledge of the 
normal and abnormal function of the cardio- 
vascular system in man. Most of the pro- 
_ grams are pertinent to direct care of pa- 
tients with heart disease. The need for such 
“programs increases with the ever increasing 
; amount of scientific and clinical! data, the 
“constant changes in technology and meth- 
:;odology, and the greater availability of thera- 
„peutic options. Today most cardiologists, in- 
_ternists and family practitioners fee! the 
‘need of supplementing their professional 
reading by direct contact with the authors, 
“research workers and leaders in the field. 
C To solve these problems the Committee 
' selects each year series of carefully super- 


vised programs which are usually preceded 
by extensive consultations with the program 
directors recruited among the foremost spe- 
cialists, educators and scientists in the field 
of clinical cardiology and allied basic 
science disciplines. 

Aithough each program director is per- 
sonally responsible for the choice of faculty, 
and the structure of the program, the Na- 
tional Committee of Continuing Education 
assumes the overall responsibility for the 
caliber of the postgraduate education and 
the relevance to the practice of cardiology. 
This is accomplished by the processes of 
meticulous scrutiny of the objectives, analy- 
sis of the educational methods, and studying 
the impact of each course on the knowledge 


and attitudes of the participants. 

These programs. should help each. physi- 
cian to keep up with the new knowledge, to 
put into practice the new advances and to 
retract gracefully from the obsolete and use- 
less practices. . An: effective practitioner 
must learn and relearn, listen to new ideas,” 
Share past experiences and observe the 
work of his peers. The National Program 
Committee for Continuing Medical Education 
of the Americàn College of Cardiology be- 
lieves that these goals can be accomplished — 
by all members and nonmember profession- 
als participating in our continuing education 
programs. 

Borys Surawicz, MD, FACC, Chairman. 
National Program Committee 


Programs and faculty are subject to change. For further information write Mary Anne Mclnerny, Director, Department of Continuing Education 
Programs, American College of Cardiology, 9650 Rockville Pike, Bethesda, Md. 20014 
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;AUG. 


; Tutorials in the Tetons (Cardiac 
23-25 


Emergencies). Robert S. Eliot, 
FACC. director and Robert J. 
Davis, FACC, Alan D. Forker, 
FACC, Vincent F. Miscia, FACC 
and Gerald L. Wolf, co-directors. 
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Pulse Tracings——A Basic Work- 
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New York, N.Y. 

1976 
JAN. Future: Directions in the Man- 
11-13. . agement. of Cardiac Disease. 


John H. K. Vogel, FACC, direc- 
tor and Bruce C. Paton, FACC 
and James S. Forrester, co-di- 
rectors. Snowmass-at-Aspen, 
Aspen, Colo. 
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Sinus bradycardia, potassium canrenoate for, 413 
Sinus node 
blood supply to, and heart rate during angiography, 17 
function of, evaluated by premature atrial stimulation and atrial 
pacing, 492 
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Soldactone for digoxin-induced arrhythmias in conscious dogs, 413 
S-T segment elevation 
after acute myocardial intarction, natural history of, 609 
and myocardial necrosis after experimental coronary occlusion; 
795 
and tazolol in experimental myocardial infarction, 619 
and ventricular aneurysm, cardiomyopathy, Q waves and, 615 
in Prinzmetal’s variant angina, 683, 691 
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, unruptured congenital aneurysm of, 918 
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Beall, 855 
Bjork-Shiley, 855 
-; Braunwald-Cutter, 855 
caged ball, hemodynamic changes after insertion, 716 
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diagnosis and management of complications of, 872 
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te measurements (mm, kcal lescents (Moss AJ, Adams F, g9 Baltimore, 
ike) as recommended in. the 


th Williams & Wilkins, 1968, p 1k 
tyle Manual. for Biological Journals, F h 
"American Institute of Biological Sci- or books (with identical author and editor): 


ences, 3900: Wisconsin. Avenue, N.W., 36. Berne E: Principles of Group Treatment, New 
s Washington, D C. York, Oxford University Press, 1966, p. 26. 


svo Cite in numerical. order every refer- : aa ail book releronces. should have speci p page numbers) Lp ; 
(Pv ence, figure. and table. t er. of men- ; E 














N^ oth -rnitreslycerin ta^l t 
offers you ally these advantages: 










E — » New level of stability’ 
s without sacrifice of disintegration time 
£ without sacrifice of bioavailability 
In 5», . New level of tablet elegance 
: N y : Minimal crumbling or powdering; controlled 
: - nitroglycerin volatility; yet disintegrates in vitro as 
` (nitoglycerin tablets WP quickly as other nitroglycerin tablets tested; 


Sublingual Table minimum deterioration with time or exposure 


Sing without presc' = H 
1100 T New level of convenience 
Color-coded tablets as well as labels for easier 
identification; lessens patient confusion; eases 


i Warner /chilcol! patient conversion (strength or brand). 


N0047.0010-51 
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: :9ublingual Table 
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Please send patient-starter samples of NITROPRN™ 
(nitroglycerin, USP) sublingual tablets. 


Street 
City State Zip 


Authorized Signature 


. The most stable 
nitroglycerin tablet yet 


ALL NITROGLYCERINS START OUT POTENT. HOWEVER, DELIBERATELY DEMANDING 
TEST CONDITIONS SHOWED NITROPRN RETAINED POTENCY LONGER: 


I STABILITY RESULTS 


TRANI After 1 week, NITROPRN could deliver 9095 
xe ED Nitroprit nitroglycerin; after 4 weeks, it could still deliver 
06 mg 76% nitroglycerin potency. Yet NITROPRN 
in vitro disintegration time is either superior or 
| equal to that of other brands of nitroglycerin 
E OTHER tablets tested. This consistent level of stability 
insures potency from tablet to tablet, and 

caes sns assures the angina patient the protection he 
needs from attack to attack. 
Yet NITROPRN costs only 
pennies more than other nitroglycerins. 


96 OF NITROGLYCERIN REMAINING 








2 
DURATION IN WEEKS 





(Patientssometimes leave their parce ycerin ex . The open-dish method, 
a most demanding stability fest, sous that Nitroprn retains its iptecy 
even under extreme exposure, thus protecting even careless patients.) 


NIT ROPRN. 


(nitroglycerin, USP) sublingual tablets Q/200$0 





0.4 0.6 
avisogn | 0/1008) 









classic therapy 


IT Pp const ; enhanced by 

- Nor innovations of 

—ees"* modern technology 
iur 0012-5! os E 
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First Class 
Permit #2 


Morris Plains 
New Jersey 





BUSINESS REPLY MAIL 


NO POSTAGE NECESSARY IF MAILED IN THE UNITED STATES 


—— ——Ó— M — — — — eS Á —— M— — a a 






Postage will be paid by: Warner Chilcott 
Division, 

Warner/Chilcott (wc) ar nier Coa 

Division, New Jeisey 07950 


Warner-Lambert Company, 
201 Tabor Road, 
Morris Plains, New Jersey 07950 


Attention: P. J. Martin 


*Methods used: The semi-automated Content 
Uniformity Assay based on the procedure of 
Fusari, S.: J. Pharm. Sci. 62:122 (1973), with 
modifications by the Applied Analytical Research 
Laboratories of Warner-I ambert Comnanv. Data 


You must know the new 
SERVOMED + SERVOCARD 


to be up on the latest about intensive-care monitoring and cardiac electrotherapy. 
With SERVOMED and SERVOCARD ... top quality products on 
the world market... HELLIGE is setting completely new standards of performance. 
Write us for full details and judge for yourself. 
SERVOMED system for patient monitoring. SERVOCARD program for cardiac alectaiierapy. 


Litton HELLIGE [H 


Medical Electronics : PARTNERS IN MEDICINE 


SERVOMED 
srature Monitor 
22 to42 9C 


SER bs 
Therapy Lint 


HELLIGE GMBH - D-78 3 Freiburg im Breisgau - Heintich-von-Stephah- -StraBe4 - Tel. 0760 40114 
USA Representatives: Litton Medical Electronics, Inc. - 10919 Franklin Avenue - Franklin Park, lil inois 60131 















„and the Sooner, the Better. 


The. rationale of intra-aortic balloon 
‘pump (IABP). therapy in low-cardiac 
output conditions is widely accepted. 
By lowering pressure in the proximal 
orta at the beginning of systole, myo- 
ardial work load is lessened. Also, by 
gmenting pressure during early 
stole, pumping improves coronary 
rfusion and can open dormant col- 
erals. Thus a better balance be- 
een myocardial oxygen demand 
consumption is obtained. 
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Documented effectiveness 
IABP's effectiveness is clinically proven in the treatment 
rdiogenic shock and in weaning patients from cardiopul- 
nary bypass. It is a "lifesaving measure in a substantial 
nority of patients who would otherwise die of cardiogenic 
ock.” “ Braunwald and Maroko™ estimate that 20% of pa- 
ients who would otherwise die can be saved, while another 
20% can be stabilized for diagnosis and surgical intervention. 


BP “significantly reduced the magnitude and extent of acute 
ocardial ischemic injury" *in animal studies. The authors 
reliminary clinical results also demonstrated reduced is- 
enema as well as hemodynamic improvement. 


Time a critical factor 

eémodynamic criteria to determine if a patient who seems to 
be going into cardiogenic shock is responding to treatment 
have been. developed by Leinbach:;" These criteria are a 
major contribution to the effective application of IABP treat- 
ent since early use of the system greatly increases the 
ances of success. Buckley and associates” used the IABP 
T heart-surgery patients who went into shock upon ter- 
ination. of cardiopulmonary bypass. Eighteen survived; 13 
e long term survivors. Best results occurred with initiation 
of ua T early in the postoperative period. 


evaioned. by Avco Corporation and 
ranu'actured for. Roche Medical Electronics Division. 









“setting. 


ROCHE MEDICAL 





The Avco Intra-Aortic Balloon Pump’ 





The IABP versus drugs 


Dunkman and others” have concluded i 
that “catecholamines may actually in- - 
crease ventricular dysfunction. and. ne- 
crosis" whereasthelABP'senhancement 
of coronary perfusion and.redüuction of 
oxygen-consuming work in. theleftven- - 
tricle can save patients if applied before ' 
about 40% of the left ventricle is irre- 
trievably damaged. Moreover, IABP per- 
mits safe use of drugs if needed. ^ 


AVCO, the most expétiencad 
system 

The internal counterputsation n 
most widely used clinically is the Avco . 
IABP. There are some very adu 
reasons for this dominance. . : ; 
Patented 3-chamber balloon gesian pre- i 
vents end occlusion. ; > 
QRS triggered synchronization with nor- Sg 
mal and abnormal rhythms. i 








Automatic reset for changes in interval. 
or loss of R wave. 5i 
Safety engineeringwith fail-eafeventiag, 
seif-initiated trouble identification, and 
emergency compressor with inde- 
pendent power supply. 


Nationwide on-site service. 





1 Editorial, JAMA 224:245. 1973. ; 

2 Braunwald, E. and Marok PR. Ann. int. Med. 
76:659. 1972. 

3. Maroko. P:R. et al. Circulation 45: 1150. 1972. 

4. Leinbach. RC., quoted in Emerg. Med: 5:107, 1973: 

5. Buckley. MJ. et al (abstract). Circulation 46. Suppl. 
2:76. 1972. ^ 

8: Bunkman. WB: et al. Circulation 46: ABS. 1972 


Write for information on clinical experience and the annual Avco 
Pump Users Meeting. Your local representative can arrange an 
Avco IABP demonstration in either a Clinical or experimenta 










ooking at the picture the 
-- first thing you'll notice is the 
-large 12" rectangular display 
monitor. And it gives such a 
right image it's no longer 
... necessary to tum down the 

-.— room lights so you can see it. 
The next things you'll 
< notice are the human 
*. engineered, linear slide 

... controls. The old fashioned 
_ knobs are gone. No controls 
-< are hidden or hard to use. 
Only 10 are needed, and 
they're all on one surface. 
Here are some other 
s features you might not notice 
-but you'll want to know 

. about. The wheels are 8" in 

diameter with 360? rotation. 

. This makes the unit fast and 
d maneuverabl e when time . 

. counts. 








































CUM Trademark of Unirad Corporation. 





i Please send me more detailed information 
W about the new Sonograf D. Please Print. 


B 


i Title 


WM suu 


| Thenew Sonograf D gets to the patient fast, 
sets up fast. And Its easy to operate, easy to read. 





. that turns on the entire si 
- If you're using the Hi 
. recorder, it goes on. 
automatically. 
To eliminate tan 


-a side panel connectio or 
-transducer and ECG. 

"Plus, there's no visib 
distortion of image — 
quality in the echo. And ' 

Gain Compensation (Ti 
is independent of the 
Gain controls. 
Find out about this 
unit that gets to the patie 
fast, sets up fast, and tha 
easy to operate, easy to - 
read. Ask your Unirad 
Representative for details 
Or simply send in the 
coupon today. 


(sJUNIRAD 


PO. Box 39002 
Denver, Colorado 80239 
(303) 371-7400 


















































a Street 








p> 








f State 


Zip 








" | My telephone .. (area m 
E uestis e 


(number) AJC. 
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NT ADVANTAGES.. i x 
'rofile nt ular Pong: The low profile disc pinnis reduces cage protrusion 


vered Sewing Ring and Base. The sewing ring and: seat is 
nacon velour to eliminate the customary cloth: Tp and metal seat 


gainst handling pi The package is designed to keep the. 
the point of manufacture until it is removed in the operas 


rience with a-Dacron Pa. p 243. = 

fosthesis. Ann. Thorac. 7Bokros, d.C. LaGrange, LD, “Seheon, EJ: “Control the 
_ structure of carbon for use in bioengineering. Chemistry 
wee Physics of Carbon, Marcel Parker, New York, 1969, — 


15:25, " 
Clinical. V riorénce with-an im- In P. et al.: Systemic lism and thë Beall: itral 
sthesis. Á ee Surg: 18:601, tosthesis. Ann, Thorac. Surg. 10:20, 1970... = 

Ni : Oe a fae jinproved results Tag patients with 
the isolated Bea yave replace i ; 
covered disc pros- E findings following: 


1 linical experience in E + x LIES 
Valves. proceeding of the sec- Miu e m a e Beg EN valve 


MD Sia. Heart Valves, 1969, — ProsInes . g- s " 
d Armstrong, AG: 4m- 
pneu. it anticoagulants, 


Vogel, J 
thesis ‘Chest 





mias... 


















- When an appropriate dose of Xylocaine is administered by 
the intramuscular (deltoid) route, effective antiarrhythmic 
blood levels are usually attained within 5-15 minutes and _ 
may persist for 60-90 minutes. Xylocaine Intramuscularis 
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prescribing or administering, please 
nplete product information, a 

if which follows: 
Contraindications: Patients with known 
hypersensitivity to local-anesthetics of the 
amide type, and patients with Adams-Stokes 
syndrome or severe degrees of sinoatrial, 
atrioventricular or intraventricular block. 
Warnings: ASPIRATE FREQUENTLY TO 
AVOID INADVERTENT INTRAVAS- 
CULAR ADMINISTRATION. 

ECG me 
in emergency situations when à physician 
suspects ventricular arrhythmia and ECG 
pment is not available, a single dose 
ministered when the physician 






















f possible; have emergency resus- 
igs and equipment immediately 
o manage potential adverse re- 


toring is recommended. However, 


es potential benefits outweigh possi- 


specifically indicated in the acute management of life- ` 
threatening ventricular arrhythmias when justified: = 
* by a physician when ECG equipment is not available to. 
verify diagnosis, but potential benefits may outweigh 


possible risks 


* by a physician when IV facilities are not available ~ = < 
* by paramedical personnel in a mobile coronary care unit = 
directed by a physician viewing a transmitted ECG 


New Xylocaine (lidocaine) HCI 
TI ntramuscular injection for cardiac arrhythmias 


Usual dosage: For the average 150 Ib man, 3 ml (300 mg). 
injected in deltoid muscle. See complete instructions in 


package insert. 
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actions involving cardiovascular, respiratory, 
or central nervous systems. 

Intramuscular use of Xylocaine* may result 
in increased creatine phosphokinase levels 
and compromise the use of thisenzyme deter- 
mination, without isoenzyme separation, in 
diagnosing acute myocardial infarction. 
Pediatric use is not recommended. 
Precautions: Observe usual precautions in 
the presence of impaired renal or hepatic 
function, hypovolemia and shock, and ail 
forms of heart block. 

Adverse Reactions: Although serious 
adverse reactions to Intramuscular Xylocaine 
have been rare, the following previously 
have been reported following lidocaine 
administration: : 


25 id STR Al Astra Pharmaceutical Products, Inc. 
ca A DO E B AM | Worcester, Massachusetts 01606 




















1, Central Nervous System—lightheadedn 
drowsiness; dizziness; apprehension; euph 
ria; tinnitus; blurred or double vision; voi 
ing; sensations of heat, cold, or numbness 
twitching; convulsions; unconsciousness; 
respiratory depression and arrest. 

2. Cardiovascular System—hypotension;: 
cardiovascular collapse; bradycardia whk 
may lead to cardiac arrest; SCA 
Cross-sensitivity with procainamide or qu 
dine has not been reported. 

Soreness at injection site; occasionally; 
Supplied in 5 ml ampules, in cartons of 10. 
Each ml contains 100: mg of Xylocaine Ht 
and sodium hydroxide to adjust pH. A 3 n 
injection provides the recommended dose 
FORINTRAMUSCULAR USE ONLY. 








What does 100% pure - 
Orange Juice from Florida 
have that both these women need? 


Folic acid needs are increased by both preg- 
nancy and oral contraceptives. 

During the third trimester of pregnancy, the RDA for folic 
acid is twice the normal amount. Folate deficiency is 
common during pregnancy and is highly related to 
megaloblastic anemia with associated risks of hemor- 


Orange juice is an unusually good source of folic 
acid. 

There are many rich dietary sources of folate. But cook- 
ing or processing, in many cases, can destroy up to 95% 
of the initial folate. Orange juice not only has a relatively 
high level of folic acid, it is a stable source, Its 


rhage during delivery and abruptio placentae. E me high Vitamin C content protects the folate from 
And, although an RDA has not been estab- n oxidation and no folate is lost during 
lished for women taking oral contraceptives, sees home preparation since orange juice is not 


oz 
e 


evidence suggests that folic acid assimila- 
tion may be decreased among these women. 
Orange juice appears to be a jenienabls i 
and stable supplement for people needing 
additional amounts of folate. 


eyes 
xX. 


cooked. Also, the monoglutamic folate in 
M rinde juice is the most easily absorbed 
form. Best of all, your patients will love the 
Ø iste of delicious 100% pure Orange Juice 
from Florida. 


FLORIDA GRANGE GROWERS 


©State of Florida. De 


SOURCE: The facts about orange juice in this ad have been taken from Dr. Richard R. Streiff's article, “Folate levels in citrus and other juices 


published in the December 1971 issue of The American Journal of Clinical Nutrition 





ECHOCARDIOGRA >H y 


_ TAKE A LOOK AT... 


METRIX ECHO - CARDIOTRACE 


... PERFORMANCE ... CONVENIENCE | 

*' Improved echo-processing makes the e Simultaneous A and TM echoes (on two sc 

|. ECHO-CARDIOTRACE one of the high- as well as TCG trace. i 
est resolution instruments available. For previewing and convenient: visualization 
Posterior as well as anterior TGC (Time TM display can be used in the storage mod 
Gain Compensation) allows easy visu- see the “whole picture” before photograph 
alization of posterior wall details while Use in non-storage if maximum display resoluti 
maintaining other landmark echoes at is required. E ur 
optimum levels. ` Optional swing-away camera starts the TM sweep. 
Isolated ECG for maximum patient whenever shutter is opened. us 

s ¡Palety standard on all units. Portable roll-around cart with space for recorder 
interfaces with Honeywell, E for M, or accessories and: large casters for ease o 
"Cambridge and Irex recorders. movement. e e l 


o ... SUPPORT 
* Local service centers (more than 30) offering fast, competent service. 
e One year warranty. 
« Periodic educational seminars. 
e The experience of over a decade of producing high-quality diagnostic ultrasonic instruments... 


Ask Us for More Detailed Information or a Demonstration 








lies specialize in 
ored monitoring 
order off the rack. 
D Electrodyne. 


now 


sapproach > : 


ve unusually well - 


le and an unusu- 
nge of equipment. 


Our people help you explore and 
define your precise requirements. 
Our equipment— hardware 

and wireless, including comput- 


` erized systems — gives us the 


capability of providing the instru- 
mentation that best meets those 
requirements: 

Specialized systems for ICU. 


+ CCU. OR. Emergency. Fetal 


monitoring. Neonatal. Progres- 


-. sive care. Pre- and post-op. 


But there’s another factor that’s 
possibly mostimportant ofall. — 
We're a medical instrumenta- 


tion division of Becton, Dickinson 
and Company —an organization 
that has devoted three-quarters _ 
ofa century to health care special- 
ization. When you're a member 
of an organization like that, is . 


only natural for you to think of 


your customers ina special way. 
If youare tired of the off- — . 
the-rack approach to medical 
instrumentation, let us help. 
Write B-D ELECTRODYNE, 


Division of Becton, Dickinson 


and Company, Sharon, MA 02067. D 
Or call 617-828-9080. 


5| ELECTRODYNE 


- Division of Becton, Dickinson and Company 


“DICKINSON AND COMPANY. ` 



























CLI NIFLOWi isa precision. instrument 
designed specifically for clinical - 
applications where patient safety and 

simplicity of operation are of paramount — 
importance. A truly isolated input circuit 
provides the ultimate in patient isolation; v i 
even with improper use or association with = = 
other instrumentation. 

The CLINIFLOW System offers a new level of 
convenience and ease of operation. he 

operator simply dials the given 
pre-calibrated probe factor and adjusts the — 

zero set meter. Quantitative blood lowi is 
measured and displayed directly in ml/min 

or liters/min on a large, easy-to-read digital 
indicator. Range, decimal point and scale 

light are automatically established. 

CME's pioneering and unequaled ; 
leadership in flowmetry is represented in the. 
CLINIFLOW. CME — First in Flowmeters. | 


CAROLINA MEDICAL ELECTRONICS, INC. 


® P. 0. BOX 307, KING, N. C. 27021 USA TELEPHONE (919) 983-5132 





















BETTER ° 
OWN YOUR 


ragh, M.D.—A classic treatise 
rstanding, diagnosing and treating 
` Hypertension. Published in. February, 1974, 
it's already a standard reference work. 
970 pages, 150 illustrations — p 






PARTIAL LIST OF CONTRIBUTORS 


John H. Laragh J.N. Cohn K. Engelman 
Sir George Pickering V. DeQuattro J.E. Sealey 
E.A. Lew J. Giese C.R. Ayers 
E.D. Freis A.R. Christlieb J.A. Wilber: 
H.R. Brunner A.F. Lever J. Koch- Weser . 
A.C. Guyton J.C. Hunt P. Kincaid- Smith 
L. Tobian, Jr. F.R. Buhler F.A. Finnerty .- 
H.P. Dustan E.G. Biglieri E.D. Vaughan 
D.R. LaBarthe UE. DE 
lvoRKE MEDICAL BOOKS Ace I 
[666 Fifth Avenue, New York, New York 10019 l4 
l sen me, postage paid, —— copies of Laragh' s die 
tension Manual: Mechanisms, Methods and Management. 


| Price: $37.00* each. (Foreign, add $2.00 for pope sn 

























| handling.) : ; «| 
la Full payment enclosed. (3 “Please bill me: 0. Intern; Resident, Student | 

| (Special | Price: $35. 00). | 
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incepts in Angina Therapy* 


-Niate are the first line of defense 








-against ar 


gina pectoris 


* The therapeutic goal of oral nitrate therapy 
isan angina-free patient 





Because higher dosage often is necessary 
. to achieve this goal...|VES LABORATORIES INTRODUCES 








ISORDIL 
(isosorbide dinitrate) - 


20 mg. 


Scored, oral tablets 





‘ewer tablets for patients on 80 mg. or more per day(up toa 


TI of 120 mg./day) 


-* To provide prophylaxis against anginal attacks often caused by 
unavoidable everyday stress. 

* To reduce the frequency and severity of angina pectoris attacks. 
(Not intended to abort the acute episode.) 











*indications: Based on a review of this drug by the National Academy 
of Sciences— National Research Council and/or other information, FDA 
has classified the indication as follows: 

"Possibly" effective: When taken by the oral route, Isordil is indicated 
for the relief of angina pectoris (pain of coronary artery disease). It is 
not intended to abort the acute anginal episode, but is widely regarded 
as useful in the prophylactic treatment of angina pectoris. 

Final classification of the less-than-effective indications requires further 
investigation. 


Contraindication: Idiosyncrasy to this drug. 

Warnings: Data supporting the use of nitrites during the early days of the 
acute phase of myocardial infarction (the period during which clinical and 
laboratory findings are unstable) are insufficient to establish safety. 
Precautions: Tolerance to this drug and cross-tolerance to other nitrites 
and nitrates may occur. 









Adverse Reactions: Cutaneous vasodilation with flushing. Headache is 
common and may be severe and persistent. Transient episodes of dizziness 
and weakness as well as other signs of cerebral ischemia associated with 
postural hypotension may occasionally develop. This drug can act as a 
physiological antagonist to norepinephrine, acetylcholine, histamine, and 
many other agents. An occasional individual exhibits marked sensitivity to 
the hypotensive effects of nitrite, and severe responses (nausea, vomiting, 
weakness, restlessness, pallor, perspiration and collapse) can occur even 
with the usual therapeutic dose. Alcohol may enhance this effect. Drug 
tash and/or exfoliative dermatitis may occasionally occur. 


Consult direction circular before prescribing. 


May we send you reprints, detailed information and/ or professional samples? 


IVES LABORATORIES INC. 


New York, New York 10017 


DEDICATED TO IMPROVING THE QUALITY OF LIFE, 
THROUGH MEDICINE 














for clinical clinical 


applications 





€ Designed for clinical O.R. 
or cath lab use 














@ Easily applied handle- 
type probe 














d Patient safety assured 
through isolation circuitry 








€ Simple to operate - 
minimum controls - direct 
meter readout in milliliters 
per minute 









applications 


€ Convenient, handle-type 
probe with positive 
capture slide 


9 Designed for O.R. and 
cath lab use 


9 For rapid analysis of 
flow through exposed 
blood vessels 


9 Use with Biotronex 
clinical blood flowmeter 





applications 
















€ Use with heart-lung 
machine, artificial kidney 
or similar systems 














€ iron core construction 
provides high sensitivity 
and accuracy 


è Operates with BLI 


research and clinical 
blood flowmeters 


@ Available in sizes to fit 
most tubing 


























The New Gould 2400: 
the best performing, most versatile 
wide channel recorder you can buy. 


It is available in 2, 3 and 4 channel configurations 
utilizing combinations of 50 mm and 100 mm chan- 
nels totalling 200 mm. It has a 99.65% linearity 
over the full 100 mm channel. Its frequency re- 
sponse is an outstanding 30 Hz at 100 mm, 50 Hz 
at 50 mm and up to 125 Hz at reduced amplitude. It 
has a full range of signal conditioners for just 
about any scientific-medicai application. 

For full details on why the new Gould 2400 is the 
best performing direct writing recorder you can 
buy, write Gould Inc., Instrument Systems Division, 
3631 Perkins Avenue, Cleveland, Ohio 44114. Or 
Kouterveldstraat 13, B 1920 Diegem, Belgium. 





=" GOULD 








Introducing 

the Gould 110 strip chart 
recorder-with a thermal 
writing pen guaranteed 
for life. 


There isn't another strip chart recorder on the market 
today that can match the Gould 110's performance, rug- 
gedness, versatility and writing dependability. 

The new hot-tip thermal writing system produces 
clear, sharp, highly reproducible blue traces with no 
smudges, no smears, no skips and no puddles. 

Before you buy, check out the remarkable Gould 110. 
Contact your nearest Gould sales engineer for a dem- 
onstration. Or write Gould Inc., Instrument Systems 
Division, 3631 Perkins Avenue, Cleveland, Ohio 44114. 
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Switzerland 


A cohol is removed after 
its been brewed and aged. 


Looks and tastes just like 
great imported beer 


but has 60% less calories. 


.new from 






























*59 calories per 11% ounces. 


Package Distributors of America, Inc. 
-1845 Avenue of the Americas 
New York, N.Y. 10019 





A better 
chance for survival. 
Automatically. 





LIFE AID* 
CARDIOPULMONARY 
RESUSCITATOR 


Recent studies indicate greater survival rates with Thumper®.. 
The Life Aid® CPR, as compared to manual CPR. 

For complete details and copies of recent clinical studies, 
write or call us collect 713/528-1991. 


Distributed By Dixie USA 
P.O. Box 13060 
Houston, Texas 77019 












| Year after year, cardiologists 

| throughout the world specify the 

Ekoline 20* more often than all 

other ultrasonoscopes combined. 
And in 9 out of 10 published 

' echocardiographic studies, the 


&. Ekoline 20 is the instrument used. 


o achieve and maintain suc yOu would IKE to KNOW 
clear-cut leadership, SKI provides more about the Ekoline 20, call 
superior instrumentation and or write Smith Kline Instruments 
unsurpassed product ee Inc., Dept. U, 880 W. Maude Ave 
including a clinically trained sale: Sunnyvale, Ca 94086 
staff, a top technical staff, and SKI (408) 732-6000. 
worldwide service centers. A Subsidiary Gl SmithKiine Gaiporal 


Number One 
for ten straight years. 





In this age of synthetics 
you can choose a natural vegetable laxative 
| tablets 


Senokot =- 


(standardized senna concentrate) 

















L 
Natural sennd from th 


N 
wS% Cassia acutifolia plant has bec 
used as a laxative for over 300 
years. Purified and standardized fc 
uniform action in SENOKOT preg 
arations, it offers virtually colon 
specific, gentle, predictable ove 
night laxation...virtually free : 
side effects when given t 
proper dosage levels. 


J J a, Aitists conception of 6 Cassia acutifolig plant 
PURDUE FREDERIC 


D COPYRIGHT 1975, THE PURDUE FREDERICK COMPAN' 
NN. 06856 
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